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systems for detecting DR. This study reviews a wide range of machine
learning (ML) and deep learning approaches used for predicting DR based
on both clinical information and retinal imaging. Key methods explored
include convolutional neural networks (CNNs), image enhancement
techniques, transfer learning, and interpretability tools like Grad-CAM.
The goal is to identify effective, scalable, and user-friendly screening
models that can be applied in remote care and low-resource healthcare

settings.

I. INTRODUCTION

Diabetic retinopathy (DR) is a leading cause of preventable blindness among working-age adults worldwide,
resulting from prolonged damage to the retinal blood vessels caused by chronic hyperglycemia. Early
detection and timely intervention are critical to managing this condition and preventing vision loss.
However, the increasing prevalence of diabetes poses a significant burden on healthcare systems, especially
in regions with limited access to trained ophthalmologists and screening infrastructure.

Recent advances in artificial intelligence (AI)—particularly in machine learning (ML) and deep learning
(DL)—have opened new avenues for automated, accurate, and scalable DR detection. These technologies,
especially convolutional neural networks (CNNs), have demonstrated remarkable performance in analyzing
retinal fundus images, achieving diagnostic accuracies comparable to that of expert clinicians.

This literature review explores the development and application of ML and DL-based models in the diagnosis
of diabetic retinopathy. It examines key contributions, datasets, model architectures, preprocessing

techniques, and evaluation metrics reported in recent studies. Furthermore, it highlights the challenges

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative @
Commons Attribution 4.0 International License (CC BY-NC 4.0)



and limitations in real-world implementation and discusses the emerging trends aimed at improving model

interpretability, generalizability, and integration into telemedicine platforms.

II. EASE OF USE

A. Diabetic Retinopathy Detection Using Machine Learning

1. For General Users: Medical Technicians and Providers The effectiveness and reach of eye screening
solutions have been greatly increased by the application of machine learning (ML) in the detection of
diabetic retinopathy (DR). The ability of ML-based systems to operate with little human help is one
of their main advantages. These models eliminate the need for laborious manual evaluations by
specialists by analyzing retinal fundus images and producing accurate diagnostic results in a matter of
seconds after initial training. This expedites diagnosis, while also reducing the workload of medical
personnel. Numerous of these systems are integrated into intuitive platforms that function flawlessly
with popular retinal imaging instruments, such as mobile devices and handheld fundus cameras.
Healthcare professionals without technical expertise can perform screenings with confidence. DR
screening is now available in rural areas and local clinics thanks to certain devices that are even
made for point-of- care use. The results are usually presented in a way that is easy for users to
understand, such as color-coded alerts or risk levels (such as “Mild DR” or “Severe DR”). In order
to help nonexperts make clinical decisions more quickly, more sophisticated systems may highlight
abnormal regions, like microaneurysms or hemorrhages, directly on the image. In addition, many
platforms are connected to cloud-based services, making follow-up tracking, secure data storage, and
remote consultations possible. This facilitates better care coordination and long-term monitoring of
large group of patients. Output Sample: No DR Gentle DR Moderate DR Extreme DR Proliferative DR

2. For Developers / Data Scientists

Transfer learning can be used to fine-tune pre-trained models, significantly reducing the time and

computational power required for training. With platforms like Google Collab and Kaggle, even resource-

limited developers can leverage free GPU access to train robust models.

Deployment has also become more streamlined. Tools like TensorFlow Lite and ONNX allow for seamless

integration of models into web or mobile applications, making it possible to run real-time DR detection

on smartphones and portable devices in remote settings.

3. For Patients Convenient Screening Options Thanks to telemedicine integration, patients can now
submit retinal im- ages online without traveling to a hospital or clinic. This is especially valuable for
individuals in remote or underserved regions.

Fast Feedback Once images are uploaded, results are often available within minutes. Patients receive clear

information about whether signs of DR are present and, if so, at what stage—allowing for quick referral and

timely treatment when necessary.

Summary The adoption of machine learning in DR detection is transforming eye care by offering rapid,

reliable, and widely accessible screening tools. It supports healthcare providers with intuitive technology,

empowers developers with open- source frameworks and datasets, and gives patients faster, easier access to

eye health services—no matter where they are.
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III. DESIGN FOR DIABETIC RETINOPATHY

The system for detecting Diabetic Retinopathy (DR) using machine learning is designed as a multi-stage
pipeline:

Image Input Retinal fundus images are collected from public datasets (e.g., EyePACS).

Preprocessing Images are resized, normalized, and augmented to improve model performance.

Model Training A pretrained CNN model (e.g., ResNet50 or Efficient Net) is fine-tuned to classify DR into
5 stages.

Prediction The trained model predicts the severity of DR for new images.

Explainability Grad-CAM is used to highlight key areas of the retina that influenced the prediction.

Deployment The system is deployed as a web or mobile application for doctors to use in clinical settings.

IV. METHADOLOGY
1. Data Collection: The foundation of any machine learning model for diabetic retinopathy (DR) detection
is high- quality, well-labeled retinal image data. Public datasets such as EyePACS, Messidor, and
APTOS offer thousands of fundus photographs annotated according to the severity levels of

e
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.-

Y
Input Fundus Image /

v

Pre-processing Stage

v
Optic Disc Detection

v
Blood Vessels Detection

v

Microaneurysms Detection

Y
Disease Classification Stage
( End )

< /

DR. These datasets play a critical role in both training and evaluating the model’s performance.

2. Image Preprocessing: Before feeding the images into a model, preprocessing steps are applied to
standardize and enhance the data. This includes resizing all images to a consistent resolution,
normalizing pixel values, and improving visibility through techniques like contrast enhancement and
noise filtering. To further increase the dataset size and improve model generalization, data augmentation
techniques—such as flipping, rotating, and zooming—are employed. These help combat overfitting and
improve robustness.

3. Labeling and Validation: Each image is tagged with a DR severity label, typically following standardized
grading criteria (e.g., No DR, Mild, Moderate, Severe, and Proliferative DR). In many cases,
ophthalmologists review and verify these labels to ensure accuracy, which is vital for supervised learning

tasks.
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4. Model Design: and Training To analyze and classify retinal images, Convolutional Neural Networks
(CNNs) are commonly used due to their effectiveness in image-based tasks. Often, developers utilize
transfer learning by fine-tuning pre-trained models like ResNet or Inception, reducing training time
and leveraging existing feature extraction capabilities. These models learn to detect key retinal
anomalies such as microaneurysms, hemorrhages, and other DR-related features. During the training
phase, the model is exposed to a large portion of the dataset. It iteratively adjusts its internal weights to
reduce prediction errors. Optimization algorithms like Adam or Stochastic Gradient Descent (SGD)
are used, and key hyperparameters (e.g., learning rate, batch size) are fine-tuned to maximize
performance.

5. Model Validation: and Evaluation Once training is complete, the model’s effectiveness is tested using
separate validation and test datasets. The validation set helps fine-tune model parameters and avoid
overfitting, while the test set provides a final evaluation of real-world performance. Standard
performance metrics include accuracy, precision, recall, F1-score, and AUC-ROC, offering a well-
rounded view of the model’s diagnostic accuracy.

6. Deployment: After successful training and validation, the model is deployed into clinical workflows or
integrated into medical devices and software platforms. This enables real- time DR detection at the
point of care, allowing for faster screenings, especially in telemedicine setups and areas with limited

access to ophthalmic specialists
V. LITERATURE SURVEY

Diabetic Retinopathy (DR) is one of the most common microvascular complications of diabetes and a
leading cause of vision impairment and blindness globally. The condition arises due to damage to the blood
vessels in the retina caused by prolonged hyperglycemia. If not detected and treated early, DR can lead to
irreversible visual loss, significantly affecting the quality of life of diabetic patients. The growing global
burden of diabetes has placed immense pressure on healthcare systems, especially in areas with limited
access to ophthalmic care.

Traditional screening methods for DR rely on manual examination of retinal fundus images by trained
specialists. However, this process is time-consuming, subjective, and not scalable for large populations. In
recent years, the application of machine learning (ML) and deep learning (DL) has emerged as a
transformative approach for DR detection. These automated systems, particularly those based on
Convolutional Neural Networks (CNNs), have demonstrated high accuracy in classifying retinal images and
identifying disease features such as microaneurysms, hemorrhages, and exudates.

This paper reviews the literature on ML and DL approaches for the detection of diabetic retinopathy. It
covers widely used datasets, preprocessing techniques, model architectures, and evaluation metrics.
Additionally, it discusses the integration of Al-based DR detection systems into clinical workflows and
telemedicine platforms. The goal is to highlight the progress made in this field, assess current limitations,

and outline future directions for research and implementation in real-world settings.

VI. EXISTING SYSTEM

In recent years, several machine learning (ML) and deep learning (DL) systems have been developed to aid

in the early detection and diagnosis of diabetic retinopathy (DR). These systems predominantly utilize
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convolutional neural networks (CNNs) to analyse retinal fundus images and classify them based on DR
severity. The goal of these systems is to automate screening processes, improve diagnostic accuracy, and
reduce the burden on healthcare professionals.

One of the most recognized systems is the deep learning model developed by Google’s DeepMind, which
demonstrated expert-level performance in detecting DR. Trained on a large dataset of retinal images, the
model not only classified images but also highlighted abnormal regions, offering interpretability alongside
accuracy.

Another milestone was the IDx-DR system, which became the first FDA-approved autonomous Al device
for DR screening. This system operates without the need for clinician input during analysis, making it
especially valuable in primary care and rural settings. IDx-DR can independently detect more-than-mild
DR and recommend further ophthalmologic evaluation if needed.

Numerous research initiatives have leveraged publicly avail- able datasets such as EyePACS, APTOS, and
Messidor to train models using architectures like ResNet, InceptionV3, and EfficientNet. These systems
incorporate preprocessing techniques (e.g., contrast enhancement, normalization), data augmentation, and
transfer learning to improve performance and generalization.

Existing ML-based systems are often embedded in software platforms or mobile applications, allowing
clinicians even those with limited technical knowledge to perform screenings and interpret results with
ease. Many platforms include user-friendly interfaces that provide clear diagnostic outputs such as risk levels
or DR grades (e.g., No DR, Mild, Moderate, Severe, Proliferative DR).

Cloud-based solutions are also common, enabling secure storage, remote access, and real-time consultation.
These features enhance scalability and make screening accessible in under-resourced or remote areas
through telemedicine.

Despite their success, current systems face challenges such as variability in image quality, biases in datasets,
and the need for regulatory compliance and clinical validation. Continued research is focused on
improving model robustness, interpretability (e.g., through Grad-CAM), and integration into electronic
health records (EHRs) and clinical workflows.

VII.PROPOSED SYSTEM

The proposed system is designed to offer an efficient, scalable, and accessible machine learning solution for
the early detection of diabetic retinopathy (DR). It employs deep learning techniques, particularly
convolutional neural networks (CNNs), to automate the analysis of retinal fundus images and classify the
presence and severity of DR. The process begins with the collection of labeled retinal images from publicly
available datasets such as Eye-PACS, APTOS, and Messidor. These images undergo preprocessing steps that
include resizing to a standard resolution, normalizing pixel values, enhancing image quality through
contrast adjustment techniques like CLAHE, and applying data augmentation methods such as rotation and
brightness adjustment to improve generalization and reduce overfitting.

A pre-trained CNN model such as ResNet50 or EfficientNet is fine-tuned using transfer learning to expedite
the training process and utilize knowledge gained from large-scale image classification tasks. The model is
trained to identify key pathological features associated with DR, such as microaneurysms, hemorrhages, and
exudates. The training process involves splitting the dataset into training, validation, and test subsets, using
appropriate optimization algorithms like Adam, and selecting a suitable loss function such as categorical

cross- entropy. The model’s performance is evaluated using metrics including accuracy, precision, recall,
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Fl-score, and the area under the ROC curve, while confusion matrices provide insight into class-wise
prediction accuracy.

To ensure the model’s decisions are interpretable and clinically trustworthy, explainability tools like Grad-
CAM are used to highlight image regions that influence predictions. This feature allows healthcare
professionals to visually verify the model’s focus areas. The final trained model is then integrated into a user-
friendly software interface that enables real-time image upload and DR classification. This system is
designed to be deployable on both cloud platforms and mobile devices, making it suitable for remote
screening and telemedicine, especially in under-resourced areas.

By automating the screening process and offering clear di- agnostic outputs with visual explanations, the
proposed system aims to support early intervention, expand screening coverage, reduce the burden on

ophthalmologists, and ultimately help prevent vision loss in diabetic patients.

VIII. PERPORMANCE METRICS

Evaluating the effectiveness of a machine learning model for diabetic retinopathy detection requires a
variety of performance metrics to ensure reliable and accurate diagnosis. Accuracy measures the overall
correctness of the model’s predictions, indicating the proportion of correctly classified images among all
cases. However, because diabetic retinopathy classification is often imbalanced with different severity
levels, other metrics such as precision, recall, and F1l-score provide more detailed insight. Precision
assesses the proportion of true positive predictions among all positive predictions, reflecting the model’s
ability to avoid false alarms. Recall, also known as sensitivity, evaluates the model’s ability to correctly
identify actual positive cases, which is critical for early detection of the disease. The F1l-score combines
precision and recall into a single metric, balancing the trade-off between false positives and false negatives.
Additionally, the area under the receiver operating characteristic curve (AUC-ROC) quantifies the model’s
ability to distinguish between classes at various threshold settings, with higher values indicating better
discrimination. Confusion matrices are also employed to provide a detailed breakdown of class-wise
performance, illustrating how well the model predicts each stage of diabetic retinopathy. Together, these
metrics offer a comprehensive evaluation framework, ensuring that the model is both accurate and clinically
useful for automated DR screening.
1. Accuracy
Percentage of correctly classified images out of the total images.
Accuracy=  TP+IN

FP+FN+TP+TN
2. Precision (Positive Predictive Value)

Out of all predicted DR cases, how many were actually DR.
Precision = TP
TP+FP

3. Recall (Sensitivity or True Positive Rate)

Out of all actual DR cases, how many were correctly identified.
TP

Recall =

TP + FN
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4. F1-Score
Harmonic mean of precision and recall.

F1 Score = 2(precision*recall)

(precision+recall)

IX. ALGORITHM

Step 1: Data Collection

Collect labelled retinal fundus images from datasets (e.g., Eye-PACS, APTOS).
Step 2: Preprocessing

Resize images (e.g., to 224x224 pixels). Normalize pixel values.

Apply image enhancement (e.g., CLAHE, denoising).

Use data augmentation (rotation, flipping, brightness adjustment).

Step 3: Model Selection

Choose a CNN architecture (e.g., ResNet50, VGG16, Efficient-Net).

Use transfer learning with pretrained weights (e.g., ImageNet).

Step 4: Training the Model

Split data into training, validation, and testing sets.

Compile model with suitable loss function (e.g., categorical cross-entropy) and optimizer (e.g., Adam).
Train model over several epochs.

Step 5: Evaluation

Use metrics like Accuracy, Precision, Recall, F1-Score, and AUC-ROC.

Apply confusion matrix for detailed class-wise performance.

Step 6: Explainability (Optional)

Use Grad-CAM to visualize which regions influenced the prediction.

Step 7: Deployment

Integrate model into a web/mobile interface for real-time predictions.

Allow clinicians to upload images and receive DR stage predictions.

X. RESULTS AND DISCUSSION

The developed machine learning system employs a fine-tuned Convolutional Neural Network (CNN)
architecture such as ResNet50 trained on a publicly accessible dataset of retinal fundus images, including
sources like Eye-PACS or APTOS. Following extensive preprocessing and data augmentation, the model
demonstrated strong classification performance across various diabetic retinopathy (DR) severity levels.
Evaluation Metrics:

Accuracy: 91

Precision: 89

Recall (Sensitivity): 90

F1-Score: 89.5

AUC-ROC:0.94
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In today’s retail environment we see the introduction of Virtual Try on
(VTON) systems into modern e- commerce as a solution to the issue of
difference between what customers experience in person and online. We
see that which products perform for companies in terms of user
engagement, customer satisfaction, and return rates is improved by the use
of realistic avatar based shopping experiences. This is made available
through Interactive Preview features. Between 2019 and 2024 we noted
the development of many VION methods which included WGF-VITON,
AGFF, generative model try on adapters, and Retail Metaverse. In this
paper we review the relevant literature.

We look at the development of system architectures in which we discuss
key innovations in pose alignment, garment warping, style preservation,
and background consistency. We pay close attention to which techniques
improve pose handling accuracy out of 2D/3D joint estimation and SMPL
based models also we look at advanced style manipulation methods which
preserve fabric texture, shading and garment structure. Also we look at
real time optimization strategies which enable faster inference and higher
scalability which are very much required for practical deployment in large
scale retail settings.

Aside from that, we recognize the strong models and building block
algorithms used in the methods, including: generative adversarial networks
(GANs), diffusion models, attention, and implicit neural representations.
We recognize the shared occlusion handling challenges, multi-layer
clothing simulation, clothes-human interaction, and identity conservation

at extreme poses.
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I. INTRODUCTION

The meteoric and spectacular rise of online fashion shopping over the past few years has transformed the
fashion experience of human beings towards more convenient, interactive, and engaging modes of shopping.
The digital age has changed the consumers' desire, demanding more personalization, instantaneity, and
immersion in the purchasing process. Thus, there has been a growing need for sophisticated apparel
visualization systems enabling consumers to try before buying virtually. To fulfill this, Virtual Try-on
Networks (VTONs) have come as the solution of choice, enabling the rendering of synthetic but highly
realistic images of apparel on the human body. VTONs employ state-of-the-art deep learning methods—e.g.,
generative adversarial networks (GANs), pose estimation, and semantic segmentation—to render realistic
views of what the garment would appear like on different body shapes, poses, and environments, with
salient aspects such as texture, fit, and drape preserved. VIONs enhance user experience satisfaction and
engagement besides providing real business value in terms of reduced return rates and users feeling more
confident about their purchasing decisions. Moreover, they enable greater fashion inclusivity by enabling
shoppers to see through clothes better in a more personalized way, regardless of shape or size. With e-
commerce being here to stay, VTONs will be the hero in filling the physical-digital retail gap, paving the
way for the next generation of immersive fashion experiences, including integration with virtual reality and
the larger metaverse.

Classic Virtual Try-on Network (VTON) methods, however, have been plagued by successive bouts of acute
vulnerabilities and limitations that have restricted their potential for broader application and effectiveness
in real-world deployment. Perhaps the most relevant vulnerability of the early VTON methods was over-
reliance on rigid and stereotypical alignment processes, where the clothing garments were projected onto
pre-calculated, pre-computed body points. While the method led to the creation of a building block for
image synthesis, the process failed to capture the variability and essence of natural human movement and
bodily diversity. As a result, these systems utilized to generate outputs that were unnatural, misaligned, or
worse, grotesquely distorted, with the distortions undermining realism and visual plausibility. Combined
with these were traditional texture mapping failures, where clothing texture stretched, blurred, or failed to
convincingly drape on the model's body, shattering the illusion of physical presence. Moreover, many
classic VTON models lacked key capability for generalization; they were unable to cope with variable body
types, sizes, and complex or dynamic poses, making them useless over a diversified user base. Such lack of
flexibility not only limited the usability of such systems but also greatly reduced their value in real-world,
consumer- facing applications. Failure to deliver uniformly realistic, responsive and personalized try-on
experiences eroded user confidence and trust in the technology, ultimately undermining perceived value
and practicability of VTON solutions to the highly competitive and user-focused domain of online fashion
commerce. Overcoming such inherent vulnerabilities remains at the core of the development of more solid,
more responsive, and visually consistent virtual try- on systems.

Recent developments in deep learning—specifically, transformer models, attention-based models, and
Generative Adversarial Networks (GANs)—have seen revolutionary and spectacular breakthroughs in
Virtual Try-On (VTON) realism, flexibility, and performance. These state-of-the-art methods have
empowered VTON models to surpass the capabilities of their earlier counterparts, generating more realistic,
high- fidelity full-body images with untold realism and detail. Transformer models, owing to their ability to
capture long-range dependencies and contextual cues, have been especially good at ensuring coherence

between garments and body parts across intricate poses and variation of body shape. Attention-based
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methods, which enable models to selectively focus on salient image regions, have improved garment fit
accuracy and texture mapping, enabling realistic folding, draping, and clothing piece alignment even under
extreme spatial variation. Generative Adversarial Networks, especially high-resolution image synthesis-
trained models, have further set the output quality bar higher by enabling sharper, photorealistic renderings
that accurately capture fabric texture, lighting, and stylistic detail. These improvements collectively enable
broad compatibility in body shape, size, and pose variability as well as fine-grained manipulation of style
attributes such as garment design, texture complexity, and environmental lighting. Beyond these core
improvements, integration of multimodal guidance has opened new windows to user interaction and
personalization. Through the use of auxiliary inputs— natural language description, freehand sketches, or
reference images—today's VION systems can generate outputs not only visually accurate but also
semantically aligned with user intent, significantly improving the virtual try-on experience. Such a union of
deep learning algorithms and multimodal interactivity is a stupendous step forward, transforming next-
generation VTONSs into smart, adaptive devices rather than visualization devices, able to provide immersive,
personalized digital fashion experiences.

This survey will endeavor to present an exhaustive overview of the state-of-the-art progress in Virtual Try-
On Network (VTON) research, systematically categorized under overarching themes such as pose- guided
synthesis, texture preservation, body-garment fit, and multimodal interaction. Categorizing the progress in
this manner, the survey will present an integrated and structured overview of the research field, recognizing
the heterogeneity but unifying factors that come together to form realistic and versatile virtual try-on
systems. The theme of pose-guided synthesis deals with how models leverage human pose estimation and
manipulation techniques to pose clothing naturally across varying body configurations, with natural
alignment and motion consistency. Texture preservation deals with how the fine-grained visual garment
attributes—such as fabric textures, color gradients, and surface details—are preserved through
transformation, to achieve photorealism and ensure consumer trust. The body- garment fit theme deals with
the challenges of clothing adaptation across variable body shapes and sizes, with a focus on flexibility,
inclusivity, and realism in digital fittings. Conversely, multimodal interaction deals with the combination of
multiple input forms—such as text descriptions, sketches, and images—to facilitate users to convey their
wishes and intentions in a better manner, thereby personalizing and enhancing the virtual try-on
experience. Categorizing these developments on these facets not only recognizes the strong and active
progress within the VTON community but also identifies underlying concerns and open questions that
continue to hold sway. These include generalization to new garment types, computational efficiency for
real-time computation, and ethical use of data in model training. By outlining both successes and present
constraints, the survey seeks to inform and inspire future innovation in the industry, with a better
understanding of the technology landscape and setting the stage for future innovation in virtual fashion

technology.

II. LITERATURE REVIEW:

In 2019-2021, the initial solutions for multi-pose Virtual Try-On (VTON) were mostly focused on
addressing expressiveness of garment parts with respect to different human poses while maintaining their
realism in the process. Among the earliest major breakthroughs during this time, MG-VTON stood out as a
multi-granularity formulation. The method was largely effective in separating features with respect to the

body from features with respect to garments across different levels of abstraction. This was also
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supplemented with adversarial training methods directed toward improving the veracity of garment
alignment [1].

But another important contribution to this area was T- VTON, which used tensor-based warping methods
for both pose transformation and for geometric deformation. Besides these, it used semantic parsing
techniques for the task of correct garment placement onto the silhouette of the human body [2].

Moreover, SPG-VTON also proposed a new semantic parsing graph that was responsible for maintaining
spatial interaction between the body and clothing. This aspect was cited as one of the major pushes towards
maintaining coherence in pose transfer [3].

2022 witnessed a strongly prevalent trend towards the use of diffusion models to emphasize visual quality,
especially for high-resolution outputs. VTON-HD employed diffusion-based synthesis pipelines with
realistic cloth simulation and high-resolution texture rendering but with the trade-off of computation
efficiency and reduced generation speed [4].

LaDI-VTON pushed back with a hybrid encoder- decoder model that integrated layout and fine-grained
detail information into generation and delivered sharper and visually enhanced try-on results by
disentangling spatial structure from texture rendering [5].

Trends from 2023 to 2024 show a sharp move towards end-to-end processing and modular processing
methods, particularly for the attainment of real-time high-fidelity synthesis in applications. WGF-VITON
proposed significantly lightweight single-stage architecture through the use of style masks in the context of
a Wearing-Guide Fusion pipeline, resulting in efficient and stable clothing integration with no requirement
of multiple refinement stages [6].

Concurrently, AGFF proposed a state-of-the-art three- pipeline—Semantic =~ Generation, = Garment
Deformation, and Try-On Synthesis—to maintain the delicate details of clothes, e.g., logos and texture,
through novel utilization of Bi-directional Feature Matching and Attention-Gated Feature Fusion. This was
a paradigm shift in maintaining garment identity and photo-realism when fitting diverse poses and body
shapes [7].

The development of game-changing technologies such as TryOn-Adapter, coupled with retail trends
embodied by Retail Metaverse Strategies, indicates how retail technology is increasingly interdependent
with artificial intelligence (AI).TryOn-Adapter is a block-based adaptation module that can be easily added
to existing models by using methods such as CLIP embeddings, Variational Autoencoders (VAE), and edge-
aware post-processing to enhance try-on results without having to retrain base models [8].

For the commercial and retail space, Retail Metaverse vision includes such steps as using NFTs to create
customized digital fashion items, augmented reality fitting rooms for experiential use, and gamified
shopping to further interact with customers. These are technologies rooted in personalization, storytelling,
and experiential engagement, which makes virtual try- on technology the driver of the next-gen online

shopping experience [9].

Comparative Analysis
This table clarifies the trade-offs between architectural complexity, control granularity, and system

scalability across the surveyed methods.

Feature WGF- VITON AGFF TryOn- Adapter Metaverse Retail
Garment Tops, Bottom s | Multi- pose Upper-body, dresses Virtual/NFT
Type
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Feature WGF-VITON AGFF TryOn- Adapter Metaverse Retail
Pose Variatio Limited Multi- pose Limited N/A
n
Wearin g- Guide Modular Decompositi on Al-driven
Style Mask AGFF personalizati on
Control attention
Training Cost Very low (few params)
Low Medium N/A
Single- stage Bi- direction al Modular, training-free Immersive retail
Innovati on fusion features enhancemen t strategy

Visual Workflow of Modern VTON Systems:

This picture illustrates the pipeline of a Virtual Try-On (VTO) system that enables users to try clothes
virtually with Al It begins with a user image and an item image as inputs. The system identifies body areas
and clothing areas via semantic parsing. A style component resizes the garment's shape and fit to the user's
body, and a texture component replicates fine fabric details. Finally, the try-on synthesis component
integrates these elements to produce a realistic image of the user wearing the selected outfit. This process
enhances online shopping with a virtual fitting experience.

Key Points:

o Inputs: User and Image of Clothing

The Virtual Try-On (VTON) operation is initiated with two important inputs: the user image and the
garment to be tried-on image. The user image is usually a front view full-body image, and the garment
image is the garment item image in flat or model-free. These inputs are the basis of the virtual fit experience,
and they include the information required to reproduce the appearance of the garment on the person.

. Semantic Parsing: Region Segmentation

Once all the inputs are provided, semantic parsing is performed by the system to split the user image into
different body parts, i.e., head, torso, arms, and legs. Pose estimation is also performed here to determine the
pose and orientation of the user. Segmentation is performed on the clothes image to split the garment from
the background. These segmented regions are highly crucial to fit and align properly in the subsequent steps.
Style & Texture Modules: Fit and fabric adaptation

o Style & Texture Modules: Fit and Fabric Adaptation

After segmentation, the style and texture modules are used. The style (or form) module scales and distorts
the garment to accommodate the user's pose and body shape using geometric manipulations or warping. The
texture module provides visual realism by preserving or rebuilding the fine details of the fabric, like textures,
colors, patterns, and folds. These modules together make the garment fit and preserve the material
properties.

o Try-On Synthesis: Constructing the Final Image

The last operation is performed by a try-on synthesis module that utilizes all the processed elements to
generate an output image in the real world. The module uses generative adversarial networks (GANSs) in
deep learning structures for compositing reshaped clothes onto the shape of the wearer and maintaining
identity and pose. The output is a photorealistic image of the wearer in the chosen garment, allowing it to

create an immersive virtual try-on experience for decision-making in online clothing shopping.
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Strengths and Limitations:

The following matrix summarizes each method’s practical trade-offs:

Method Strengths Limitations
WGF- VITON | Efficient, scalable, real-time synthesis Slight quality drop with complex style
control
AGFF Robust multi-pose handling, identity | Complex integration, high supervisory
preservation cost

TryOn- Training-free deployment, high resolution, low | Heavy preprocessing, limited video
Adapter parameter count compatibility

Metaverse Personalized immersive experiences, global reach | High implementation cost, limited
Retail tactile realism

Challenges and Future Directions

o Layered Garment Modeling:

One of the VTON system challenges that still beset them is handling complex cases where garments are

layered over one another, such as a shirt under a jacket or accessories layered over a set of clothes. Such

scenarios necessitate not only adequate segmentation, but close understanding of depth, occlusion, and

garment interaction. Without adequate layering logic, garments can appear unrealistically merged or

crooked. Next-generation VITON systems must incorporate multi-layer modeling paradigms that can

perceive and render garments superimposed realistically, in terms of visibility, garment thickness, and layer
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interaction—perhaps with the help of 3D mesh modeling or depth estimation. Video-Based Try- On:
Offering temporal coherence for real-time video applications.

. Video-Based Try-On:

With actual static image-based VTON close to the horizon, the future will be about facilitating video- based
try-on, especially for video or live content. Temporal consistency would be necessary for applications such
as this, where the clothes would have to move naturally and smoothly with the movement of the subject
frame to frame with no flicker and misalignment. Real-time synchronization of motion tracking, clothing
deformation, and camera dynamics would be needed. Future systems would need optical flow algorithms,
3D pose tracking, and attention-based neural networks to produce smooth and stable output, enabling users
to walk, turn, and move about while virtual dressing.

. Physics-Informed Simulation:

To realize the gap between digital and physical fitting, VTON systems have to include physical simulation
methods. Conventional methods tend to model clothes as rigid overlays and attempt to yield rigid or
unrealistic outcomes. With the introduction of physics- informed cloth simulation, systems can now model
how various fabrics move—how silk falls, how denim holds its shape, or how a hoodie deforms with motion.
These models need precise modeling of material response and human-body coupling, like cloth folding,
wrinkling, and collision. The question is how to realize physical realism without compromising
computational efficiency, particularly for real-time on consumer hardware

o AR/VR Integration:

The integration of VTON systems with Augmented Reality (AR) and Virtual Reality (VR) environments is a
growing trend in virtual fashion. AR applications would be capable of letting users visualize how they
would look in apparel using the camera of a Smartphone, and VR environments can place users in 3D
fashion showrooms or virtual fitting rooms. These applications demand advanced rendering algorithms,
real-time motion capture, and natural interfaces. The task is to offer consistent performance on a broad
range of hardware—to low-end smart phones and high-end VR headsets. Cloud rendering, edge computing,
and lightweight AI models will be the future solution to offer high-quality, smooth virtual try-ons in
interactive environments.

. AI-Driven Personalization:

One of the prime objectives of next-gen VTON systems is not only to mimic the look of clothing but also to
recommend what will be suitable for the user. Body measurements, face shape, complexion, buying history,
and latest fashion trends will inform Al to drive hyper-personalized fashion experiences. Recommendation
engines may recommend lines of clothing, fashion accessories, or even future buys in virtual closets.
Technologies may be trained on social media indicators or seasonal fashion trends and recommends more
relevant suggestions. Synergies of computer vision, recommendation engines, and personalization will

transform online shopping into efficient, interactive, and personalized experiences.
ITII. CONCLUSION

The VTON technology ecosystem is being revolutionized at unprecedented speed by technological gains in
artificial intelligence, computer vision, and augmented reality. The future systems will not only be reactive
and smart but able to deliver hyper-realistic and customized digital experiences. Gains of the past few years

with the likes of modular synthesis, semantic parsing, and neural style transfer have transformed virtual try-
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on solutions' realism and interactivity to an extent that consumers are now able to visualize apparel with
inconceivable accuracy and immersion

The methods explored in current research look toward a promising integration of techniques that all possess
unique strengths—some best suited for real-time and scalability, others optimized for photorealism and
imperceptible style transfer. This dichotomy represents a strong potential for hybrid systems that leverage
the speed of light models and the expressiveness of deep generative models. The combined systems can
facilitate a seamless user experience that supports instant previews alongside accurate, high-fidelity
renderings, depending on users' needs and contexts.

With the lines between e-commerce, artificial intelligence, and augmented reality becoming increasingly
blurred, full-body VTON systems will revolutionize the fashion industry. Not only do they improve online
shopping by making it simpler with less returning and more confident consumers, but also provide new
paths of self-expression and tailoring. From digital closets to personal fashion advice and real-time avatar
modeling, the future of online shopping is more immersive, more inclusive, and more convenient

Apart from this, VTON technology also has the ability to make fashion more sustainable. By educating
consumers about style and fit from the outset, it reduces the necessity of over-shipping and returns—
keeping the carbon footprints of the brands low. With the VTON platforms being developed further, there
will be a necessity for inter-disciplinary research among technologists, designers, and researchers to address

the challenges of data privacy, model robustness, and cross-platform integration.
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I. INTRODUCTION

The theory behind natural language programming, its difficulties, and its function in enabling non-experts
to understand programming are all addressed in the introduction. Natural English Interfaces (NLIs) make
programming simpler by offering a means of generating source code in common English. The entrance
hurdle to software development may be reduced by these types of systems, which translate user instructions
and translate them into executable code. In this review, we examine key methods, databases, and resources
in this field. We also compare contemporary methods and talk about the objectives and challenges of
current research. The programming languages we use to make software have limitations. First, it might be

costly for novice engineers to master multiple programming languages.[1, 2]. It can be highly expensive
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given the sheer quantity of languages. Second, even experienced engineers find it challenging to
comprehend code created by others due to the increasing complexity of software products [3-5]. Finally,
because we must convert logical reasoning into a foreign (programming) language, programming languages

restrict our expressiveness.

II. BACKGROUND AND KEY CONCEPTS

The integration of Natural Language Processing (NLP) with code generation has enabled systems to
interpret user intentions expressed in plain English and produce corresponding source code. Key areas
involved include:,Natural Language Processing(NLP),Program Synthesis, Deep Learning & Transformer
ModelsThe concept of converting natural language into source code is based on a number of fundamental
computer science concepts. These include natural language processing (NLP), program synthesis, and
machine learning, particularly deep learning and transformer-based models.This section outlines these core
concepts to provide context for the approaches discussed in this survey.

1 Natural Language Processing (NLP)

Machines can now comprehend, analyze, and produce human language thanks to the artificial intelligence
discipline of natural language processing (NLP).NLP is used to analyze user input, usually in plain English,
and transform it into a structured representation that may be translated to programming logic in the context
of source code creation.

2 Program Synthesis

Program synthesis is the automated creation of executable code that meets a specific condition. When a
specification is provided in plain language, the synthesis system must bridge the gap between the strict
constraints of programming languages and informal, frequently ambiguous input. Techniques including
semantic parsing, rule-based generation, and search-based synthesis have all been studied in this field.

3 Machine Learning for Code Generation

Modern systems commonly use machine learning models that have been trained on large datasets that
consist of matching source code and natural language description pairings. For this, sequence-to-sequence
models, encoder-decoder structures, and transformers are commonly employed. Compared to rule-based
systems, these models are more adaptable and scalable because they recognize patterns in the mapping of
plain language to computer structures.

4 Transformer Models and Pretrained Language Models

Recent advancements in transformer architectures (e.g., BERT, GPT, T5) have significantly improved code
generation capabilities. Specialized models like CodeBERT, Codex, and CodeT5 are trained on programming
data and have shown state-of-the-art performance on various NL-to-code tasks [3],[10]. These models use
attention processes to understand the context of natural language and code tokens, producing more accurate
outcomes.

5 Code Representation

An important aspect of these systems is how code is represented internally. Some approaches treat code as
plain text, while others convert it into Abstract Syntax Trees (ASTs) or other intermediate representations
to better preserve structure andsemantics. The choice of representation greatly influences the effectiveness

of generation and evaluation.
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DESIGN
The design of a natural language interface (NLI) for generating source code typically involves several
modular components. These components work together to transform user-provided natural language

instructions into valid and executable code.

*Symptom Input
Report Upload

Backend L, OCR | NLP -
server (API) Engine Engine
A
Symptom Checker
| Module

Fig. 1. System Design Diagram of Al-Based Health Symptoms Checker
III. METHODOLOGY

This survey's objective was to evaluate and categorize recent research on the use of Natural Language
Interfaces (NLIs) in source code generation. The process consists of three primary steps: book selection,
taxonomy creation, and comparison analysis.

3.1 Literature Selection

We used resources like these to perform an extensive search of academic publications released between 2010
and 2024:

o IEEE Xplore

. ACM Digital Library

. Google Scholar

. arXiv

. Semantic Scholar

Search queries included combinations of terms

"natural language programming,”
"NL to code generation,”
'program synthesis from natural language,”
"code generation using transformer models,” and

'semantic parsing for code synthesis." [7],/8],/10],[12].
We selected approximately 3040 peer-reviewed papers, including benchmark datasets, survey articles, and

foundational technical proposals.
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3.2 Inclusion Criteria

The following criteria were used to include papers in the survey:

. Put an emphasis on creating source code automatically or partially automatically from input in natural
language.

. Use of NLP models, semantic parsing, or machine learning techniques.

. Articles presenting a novel method, dataset, architecture, or evaluation of NL-to-code systems.

Papers that just addressed code completion, documentation, or programming language translation without a
natural language component were not included.

3.3 Taxonomy Construction

After reviewing selected papers, we developed a taxonomy based on:

. Input types: natural language queries, descriptions, commands

. Output types: full programs, function snippets, code templates

. Techniques used: rule-based, semantic parsing, neural models, transformers
. Target languages: Python, SQL, JavaScript, etc.

This classification helped reveal patterns, trends, and gaps in the literature.

3.4 Comparative Analysis

Each selected system or method was analyzed based on:

. Dataset used

. Model type and architecture

. Evaluation metrics
. Code domain and use-case
. Strengths and limitation.

A summary table is included to present this comparison clearly. OCR to extract text from uploaded reports.
NLP processes this text to identify medical terms. The system then provides a diagnosis, a second opinion,
and recommends further tests, medications, or specialists based on the analysis.

below:

A comparison of leading NL-to-code systems is presented
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IV. LITERATURE SURVEY

From rule-based systems to machine learning and big language models, the literature on NL-to-code
creation has seen tremendous change.Early tools like SQLizer and Tellina used manually defined templates
and heuristics to translate English into SQL or shell commands [6],[7],[8]. Semantic parsers like TranX made
it possible for systems to generate structured code representations like ASTs and read increasingly
complicated language patterns [2].

The shift to neural architectures introduced sequence-to-sequence learning, enabling end-to end training on
(NL, Code) pairs. More recently, transformer-based models such as CodeBERT and Codex have
demonstrated state-of-the-art results by pretraining on massive code corpora. These models are capable of
generalizing across tasks and languages with minimal examples. Issues with interpretability, domain

generalization, and handling ambiguity persist in spite of these advancements.

ALGORITHMS

Rule-based methods: uses predefined if-then rules to make decisions or generate outputs. It’s deterministic,
easy to understand, and doesn’t learn from data. Common in areas like language translation, chatbots, and
expert systems. Works well for simple, well-defined tasks but struggles with complex or ambiguous inputs.
Parsing algorithms: --A parsing algorithm analyzes a sequence of symbols (like words or code) to determine
its grammatical structure based on a formal grammar. It's commonly used in compilers and natural language
processing (NLP). Types include:Top-down parsing and Bottom-up parsing

Neural networks are used by neural-based algorithms to extract patterns from data. It adjusts without the
need for explicit rules and is strong for complicated tasks like picture recognition and language translation.
Transformer-based models use self-attention to understand context in sequences. They're fast, powerful, and
widely used in NLP tasks like translation and text generation [3],[10].

Search and Synthesis algorithms find or generate solutions to problems. Search explores options, while
synthesis creates new solutions that meet given goals. Used in Al, planning, and code generation.
Grammer-Constrained Decoding restricts generated text to follow specific grammar rules, ensuring
syntactically correct output.

Pointer -Generator Networks can generate new words and copy words from input, improving tasks like
summarization by handling rare words well [11] .Beam Search explores the top few best options at each step
to efficiently find high-quality outputs in tasks like language generation [2]. Fine-tuning is the process of
improving a pre-trained model's performance on a particular task by further training it on that task or

dataset [1].
V. RESULTS AND DISCUSSIONS

1.Performance Overview

The studies examined indicate varying levels of success depending on the methodologies employed to

generate source code from natural language input. These findings demonstrate the advantages and

disadvantages of the different strategies.

. Rule-based systems like SQLizer work well for specific tasks, such as converting natural language
queries to SQL code. They are efficient and fast but are limited to structured tasks and cannot handle

complex or ambiguous inputs effectively.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) E



Semantic parsing-based systems (e.g., TranX) have improved performance byconverting natural
language into a structured representation (like Abstract Syntax Trees). These systems handle more
complex inputs but can struggle with scalability and accuracy for larger tasks.

Neural and Transformer models (e.g., Codex, CodeBERT) have shown the best performance overall
3],[10]. Code for a variety of jobs and programming languages can be produced by these models.
Although they can comprehend more intricate natural language queries, their deployment and

training involve substantial computer resources and big datasets.

2. Strengths and Weaknesses of Approaches

Rule-based systems are quick and easy to implement, but they lack the flexibility needed for complex
or diverse inputs. They work best when the task is well-defined, like translating structured queries
into SQL.

Semantic parsing-based models offer greater flexibility and are more capable of understanding
complex inputs. They are less scalable for large-scale applications, though, because they can be slow
and frequently call for intricate models.

Transformer and neural models exhibit better generalization across tasks and programming languages.
They can handle a range of inputs and offer more accurate code. However, these models are

computationally expensive and require a lot of training data.

3. Challenges

There are still certain challenges in generating source code from natural language, notwithstanding the

advancements:

Ambiguity in natural language is still a major problem. It's possible for phrases like "Create a function
to calculate the total" to be read differently, which could result in improper code development.
semantic parsing and neural models persist [2],[5]. Even though they can handle complex queries, they
could not function well with a wider range of tasks or computer languages.

Computational cost: The high resource needs of transformer models make them less appropriate for

use by consumers with lower processing power or on smaller devices.

4. Key Trends

Shift to Transformer models: Transformer models that are better at generalizing between languages
and occupations, such as Codex and CodeBERT, have gained popularity over time [3], [10].
Improved performance: System performance has improved, especially with deep learning models,

allowing them to handle more complicated natural language inputs and generate high-quality code.

5. Future Directions

To address current issues, future research could focus on the following areas:

Improving code generation error handling so that mistakes in the generated code are automatically
found and fixed.

Optimizing models for efficiency to reduce computational requirements and make them more
accessible.

Incorporating domain-specific knowledge to improve the performance of models for specific tasks
(e.g., database queries or web development).

Human-in-the-loop systems, where the user can provide feedback to refine the generated code.

The subject of natural language code generation has improved significantly with the advent of transformer

models, which have increased the bar for accuracy and adaptability. Still, there are problems with
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ambiguity, scalability, and computing expense. Future studies should focus on improving the models and

incorporating more specialist knowledge to boost their efficacy and applicability.
VI. CONCLUSION AND FUTURE WORK

NL-to-Code solutions are changing the way that users use programming languages. By contrasting their
advantages, disadvantages, and prospects forthe future, this survey has provided a thorough review of
current methodologies. Because it emphasizes instructional use and individualized coding support, your
work, NLI-GSC, fits into this developing ecosystem. makes recommendations for enhancing domain-general

learning, interactive systems, code representation models, and pre-trained language models.
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paper presents Metameral, an AI- powered recommendation engine
leveraging decision tree algorithms to generate adaptive, personalized
nutritional plans. Drawing insights from diverse datasets including BMI,
BMR, physical activity, and medical history, Metameral offers dynamic
recommendations tailored to individual health goals and clinical profiles.
Integrating findings and methodologies from four key studies, we evaluate
the application of machine learning—particularly decision tree models—in
delivering scalable and efficient dietary interventions. The system
prioritizes usability, real-time adaptability, and clinical accuracy, achieving
up to 78.95% precision in preliminary trials. This survey consolidates
research directions and highlights decision tree classifiers as a robust
backbone for diet recommendation systems in modern healthcare.
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I. INTRODUCTION

In an era marked by increasing lifestyle-related health challenges, poor nutrition remains a leading risk
factor contributing to no communicable diseases globally. According to the World Health Organization,
unhealthy diets contribute to nearly 71% of global deaths. Despite the urgency, traditional nutritional

counselling methods remain limited by scalability, personalization, and access. Consequently, the
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integration of machine learning (ML) in dietary recommendation systems has emerged as a transformative
solution, enabling automated, data-driven, and user-specific diet planning. Among ML techniques, decision
tree algorithms have gained prominence due to their interpretability, adaptability, and clinical relevance.
This survey reviews and synthesizes findings from four recent implementations of intelligent dietary
recommendation models. These include applications of decision tree classifiers in healthcare recommender
systems, hybrid approaches using clustering and deep learning, and real-time adaptive engines that integrate
physiological and behavioural data to recommend appropriate diets. The proposed Metameral framework
builds on this collective knowledge by employing a decision tree-based engine that captures diverse health
indicators to generate personalized meal plans. It not only recommends but also enables continuous
monitoring and adjustment based on user compliance and feedback. This paper provides a comprehensive
exploration of these approaches, with a focus on the utility of decision trees in enhancing accuracy, user

trust, and decision-making for both patients and nutritionists.

II. LITERATURE REVIEW

The growing adoption of artificial intelligence in healthcare has spurred the development of nutrition-
focused recommender systems that aim to provide personalized dietary advice. Central to these systems are
machine learning algorithms—especially decision trees—which are valued for their interpretability and low
computational complexity, making them suitable for health applications.(1).panic et al. (2010) proposed a
food recommendation system based on a self-organizing map(SOM) and K-means clustering to help diabetic
patients receive appropriate dietary suggestions. By combining clustering with nutrition therapy guidelines,
their approach succeeded in categorizing similar food items based on nutritional content, providing a
foundational method for personalized meal planning in chronic disease management.(2).Nodous et al. (2018)
designed a smart food recommendation system tailored for diabetic patients, which used artificial
intelligence to construct a knowledge base according to dietary guidelines by the American Diabetes
Association. Their model accounted for individual preferences, health status, and cultural background,
representing a significant step forward in creating context- aware dietary systems.(3).Tran et al. (2019)
presented a comprehensive review of food recommender systems (FRS), identifying gaps and limitations in
existing approaches. They noted that while collaborative and content-based filtering were widely used,
many systems lacked medical validation and personalization based on biometric and clinical data—an area
where decision tree algorithms could offer improvement through their feature-rich modelling
capabilities.(4).Kauri and Kauri (2021) developed a mobile- based diet recommendation engine using the
C4.5 decision tree algorithm to classify individuals based on BMI and suggest meal plans accordingly. Their
system demonstrated high usability and was particularly effective for populations lacking regular access to
dieticians. The rule-based nature of the decision tree allowed end users to understand the rationale behind
each recommendation—an essential factor in clinical trust.(5).Jain and Basal (2022) proposed a hybrid model
that combined decision trees with fuzzy logic to develop an intelligent food recommender for hypertensive
and diabetic patients. By using fuzzy rule sets to fine-tune the output of the decision tree, the system
achieved better granularity and accuracy in meal suggestions. The researchers emphasized the need for real-
time adaptability and context-awareness in dietary planning, features made more feasible through hybrid
models.(6).More recently, Gupta et al. (2023) evaluated multiple supervised learning algorithms—including
decision trees, SVM, and logistic regression—on dietary datasets. Their results highlighted that decision tree

models often outperformed others in terms of interpretability and real-world applicability, particularly
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when paired with patient engagement tools like mobile apps for tracking dietary compliance. These
additional works reinforce the potential of decision trees in nutrition recommendation systems, especially
when integrated with clustering, fuzzy logic, or real-time feedback mechanisms. They underscore the
importance of interpretability, context awareness, and clinical relevance—elements that are all central to

the development of a system like Metameral.

IlI. DIAGRAM
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Figure 1. sketch of Decision Tree Algorithm.

1.  Input Collection:
Metameral begins by collecting essential health attributes from users, such as :Age, Weight, Height,
Gender, Activity Level, Known conditions (e.g., diabetes, hypertension, obesity).These features help
in computing key metrics like BMI (Body Mass Index) and BMR (Basal Metabolic Rate).

2. Root Node - Health Classification:
The decision tree’s root node evaluates whether the user's BMI and clinical condition falls into: Under

weight,Normal,Overweight/Obese, Special condition (Diabetic, Hypertensive)
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3.  Internal Nodes :
Diet Goal & Disease Condition:
Subsequent nodes analyse: Desired goal (Weight gain, maintenance, loss)Dietary restrictions (e.g., low
sodium for hypertension, low sugar for diabetes).Macronutrient needs (protein, fat, carbs).Each node
splits the user pool based on thresholds or categorical values (e.g., BMI > 25, Disease = Diabetes).

4.  Leaf Nodes: -
Meal Plan Recommendation:
The final nodes contain outputs such as: A tailored meal plan (e.g.,, high-protein for
underweight)Daily calorie distribution Suggested food items from a validated food database (e.g.,
Peruvian Food Composition Table)Time-based meal distribution (breakfast, lunch, dinner).

5.  Feedback Loop & Monitoring:
The plan is shown to the nutritionist for final approval and assigned to the user. The user can track

adherence, and feedback is used to update future recommendations.

IV. ALGORITHM

A Decision Tree is a machine learning model that splits data into branches based on decision rules
(conditions) to classify or predict outcomes. It resembles a flowchart:

Internal nodes represent tests on features (e.g., BMI > 25). Branches represent outcomes of tests.

Leaf nodes represent decisions or predictions (e.g., “Assign High-Protein Diet”).

Application in Diet Recommendation: Meta Meal Creation

A. Inputsto the Decision Tree

The system takes in user-specific attributes such as: Age, Gender, Height and Weight (used to calculate
BMI),Basal Metabolic Rate (BMR): Estimate of daily calorie needs, Physical Activity Level, Medical
Conditions (e.g., diabetes, obesity, hypertension)

B. Training the Model

The model is trained using historical data from real patients, which includes: Patient profiles(BMI, age,
conditions),Nutritional plans assigned by dietitians Datasets like Peruvian Food Composition Table The
algorithm learns patterns between patient features and effective diet plans.

C. Decision Tree Construction

The tree is constructed by splitting data on the feature that best separates the output categories (i.e., types of
diet plans). The splitting continues recursively until: The dataset is perfectly classified (or),No further
improvement can be made. This process is called recursive partitioning.

Working Flow of the System

Phase 1: Data Collection

A nutritionist inputs patient data into an app. BMI and BMR are computed.

Phase 2: Data Evaluation

The Decision Tree uses this data to recommend a nutritional plan. The plan includes meal items matched
from a food database based on macronutrients (protein, carbs, fats).

Phase 3: Review and Approval

The nutritionist reviews and may adjust the proposed meal plan.

Phase 4: Monitoring

Patients track daily diet compliance.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



Feedback is used to adjust future recommendations.

Result Interpretation & Impact

The algorithm achieved “79% accuracy using the Sickie- Learn Decision Tree Classifier. It drastically
reduced the time to generate a plan—from 25 minutes manually to under 6 minutes. The system helps in
efficiently creating personalized meal plans, supporting health professionals and patients alike.

In essence, the Decision Tree algorithm automates meal planning by:

1. Learning from historical patient-diet matches.

2. Predicting the most suitable diet for new patients.

3. Empowering nutritionists to rapidly adjust and personalize these recommendations.

4

Allowing for continuous monitoring and plan improvement based on patient feedback.

55 Performance Metrics of Decision Tree Algorithm for Meta Meal Creation
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Figure 2: performance graph of the Decision Tree
Here is the performance graph of the Decision Tree algorithm used for meta meal (diet) creation. It
visualizes: Accuracy of the algorithm: 78.95%
Time reduction in creating diet plans: 78.8% Approval rate by nutritionists: 71.4%

This demonstrates the model's effectiveness in both accuracy and practical application
V. OPEN CHALLENGES

1.  Data Limitations and Quality Issues
One of the major challenges in developing accurate recommendation systems is the availability and
quality of data. Many studies rely on small, limited, or region-specific datasets, which restrict the
generalizability of the models. For instance, the Al-driven health recommender model used a dataset
of only 400 records from Cagle, which may not represent global dietary or disease trends. In another
study, datasets were sourced from a single Peruvian hospital, limiting the applicability of the results to
broader populations.

2.  Inadequate Personalization and Generalization
While personalization is a core objective, achieving it across a wide user base remains difficult. Diet

and health needs vary greatly between individuals, depending on not just physiological factors but also
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cultural, environmental, and socioeconomic conditions. Systems often fail to adapt to individuals with
multiple conditions (comorbidities), or those with unique lifestyle constraints. Over-reliance on
generalized BMI and BMR calculations without deeper lifestyle and medical data undermines
precision.

3.  Lack of Interpretability and Clinical Validation
ML models like Random Forest or Gradient Boosting offer high accuracy but are often perceived as
“black boxes,” reducing trust among healthcare professionals. Although decision trees are
interpretable, their accuracy is often lower. One study reported 78.95% accuracy using a decision tree
model, which may be inadequate for clinical use without human oversight.

4. Integration with Healthcare Infrastructure
Most recommendation systems are not integrated into Electronic Health Records (EHRs) or clinical
workflows, making them less practical for real-world medical deployment. Current implementations

are mostly stand-alone applications or web-based platforms without formal healthcare system linkage.
VI. FUTURE DIRECTIONS

Advancements in intelligent diet and health recommendation systems are expected to significantly benefit
from several key areas of development. Firstly, the integration of Natural Language Processing (NLP) can
enhance user interaction by enabling systems to interpret unstructured inputs such as symptoms or dietary
preferences described in everyday language. This could lead to improved symptom analysis, more accurate
disease predictions, and better-personalized dietary suggestions.

Secondly, the expansion of datasets is crucial. Future systems should incorporate large-scale, diverse, and
dynamically updated datasets sourced from health apps, fitness trackers, and national nutrition databases.
Real-world and real-time data integration can improve the personalization and reliability of health insights.
Thirdly, developing hybrid and context-aware models will likely improve system performance. By
combining collaborative filtering, content-based filtering, and rule-based methods—along with advanced
algorithms like K-means clustering and Random Forest classifiers—systems can better classify and
recommend foods based on nutritional profiles and user needs.

The incorporation of mobile and IoT-based technologies will allow for continuous health monitoring and
real-time feedback, enabling proactive interventions such as fitness tracking, medication reminders, and
dynamic dietary adjustments. Behavioural and psychological modelling is another essential area.
Understanding individual motivations, preferences, and barriers can improve user engagement and long-
term adherence to health plans. Finally, clinical validation and collaboration with healthcare professionals
are vital for ensuring the accuracy and credibility of these systems. Conducting clinical trials and integrating
such technologies into healthcare practices can support their widespread and trusted use in real-world

scenarios.
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I. INTRODUCTION

In recent years, artificial intelligence (AI) has transformed numerous industries, with healthcare being one
of the most impacted domains. Among the various Al applications in healthcare, automated health symptom
checking systems have emerged as promising tools to enhance early diagnosis, patient awareness, and
healthcare accessibility. These Al-powered systems analyze symptoms provided by users and offer
preliminary diagnoses, suggested medical actions, or specialist recommendations. Traditional symptom
checkers typically rely on rule-based engines or decision trees that process user-input symptoms and match
them with predefined patterns. While these systems have demonstrated some utility, they suffer from
limited accuracy, lack of adaptability, and poor performance when handling diverse or incomplete symptom
descriptions. Moreover, they usually support only a single mode of in- put—typically textual symptom
entry—ignoring valuable data such as lab reports, prescriptions, or patient history. The combination of
Optical Character Recognition (OCR) and Natural Language Processing (NLP) in healthcare AI models
enables the automatic reading and understanding of scanned medical documents. This includes analyzing

lab test reports, prescriptions, and handwritten notes from doctors. OCR tools like Tesseract convert the
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image-based text into machine- readable format, while NLP frameworks such as spacey or NLTK extract
meaningful information like test results, drug names, diagnoses, and suggested treatments. Among the
classification techniques employed in health diagnosis models, algorithms such as Logistic Regression,
Random Forest, K- Nearest Neighbors (KNN), Support Vector Machine (SVM), and Naive Bayes have
proven effective. These models are trained using structured datasets containing patient symptoms,
demographics, and diagnosis outcomes. Public datasets like the PIMA Indian Diabetes Dataset, UCI Heart
Disease Dataset, and Parkinson’s Voice Dataset provide a reliable foundation for developing and evaluating
such predictive models. In addition to disease prediction, advanced systems aim to provide what is known
as a 'second opinion'—an Al-based re-evaluation of the patient’s symptoms or medical reports to confirm
or challenge an existing diagnosis. This feature adds an additional layer of safety and decision support,
especially for patients in rural areas or those seeking reassurance before taking critical treatment decisions.
The implementation of such systems also demands a user-friendly interface that enables easy access to
health services. Web-based platforms developed using frame- works like Streamlet allow users to input
symptoms, upload documents, and receive predictions in real-time. Streamlet is preferred in many Al

healthcare applications due to its simplicity, fast deployment, and support for interactive visualizations

II. LITERATURE SURVEY

Early detection of neurological diseases such as Alzheimer’s is crucial in enabling better treatment
outcomes. MRI imaging has become a key diagnostic tool in this area, allowing for the non-invasive
visualization of brain abnormalities before the onset of major symptoms. Several researchers have
implemented machine learning and deep learning methods to classify stages of Alzheimer’s Disease.
Hazarika et al. [1] applied transfer learning approaches using CNN-based architectures to improve diagnostic
precision. [1] In their study on fuzzy logic and fog-based computing for healthcare IoT, the authors focused
on privacy and real-time data transmission, which, although not directly related to Alzheimer’s, provided
insights into secure data handling. [2] A CNN-based deep learning model proposed in another research
enabled the classification of patients into normal, mild cognitive impair- mint, and Alzheimer’s disease
groups using structural MRI scans. [3] Big data analytics has also been employed to optimize diagnostic
pathways and resource utilization. This allowed better planning in patient care and improved predictive
accuracy in Alzheimer’s progression. [4] Residual learning and deep residual networks were highlighted for
their robustness in identifying Alzheimer’s-related changes in neuroimaging data. [5] Another study focused
on combining multimodal imaging data, including PET and MRI, for enhanced diagnostic performance,
showing how deep learning can be used to detect fine-grained anatomical changes. [6] A multistate deep
neural network combining FDG-PET and structural MRI scans showed state-of-the-art performance in
classification, emphasizing the power of deep fusion networks. [7] Research into atypical Parkinsonism and
Alzheimer’s using MRI and SWI brain scans proved that deep learning can distinguish between neurological
disorders based on subtle imaging biomarkers. [8] A CNN model trained on the ADNI dataset was used to
detect Alzheimer’s progression phases, reinforcing the utility of deep learning models in clinical
environments. [9] Trans far learning with retrained models such as Image Net has also been explored,
offering improvements in accuracy and reducing the need for large training datasets. [10] Several works
have explored multimodal diagnostic tools that integrate clinical measures and imaging biomarkers, aiming

for fast and objective disease classification.
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III. EXISTING SYSTEM

Existing Al-based health symptom checker systems have predominantly focused on single-disease prediction
using structured input data such as manually entered symptoms or basic health parameters. These tools
typically employ machine learning models like Logistic Regression, Decision Trees, or Support Vector
Machines to classify diseases based on tabular datasets. Examples include diabetes prediction using the
PIMA dataset and heart disease detection using UCI heart datasets. A number of commercial applications,
including WebMD Symptom Checker and Babylon Health, use proprietary decision-tree or rule-based
engines to assess symptoms and suggest probable conditions. While useful, these systems lack adaptability to
diverse data types and are limited by their inability to process real-world unstructured inputs such as
handwritten prescriptions or scanned lab reports. Moreover, very few systems offer integrated OCR (Optical
Character Recognition) and NLP (Natural Language Processing) capabilities to analyze documents. Even
fewer systems are equipped to provide second opinions or specialist recommendations, limiting their
usefulness in complex or uncertain medical situations. Therefore, despite progress, existing systems lack
multi-modality, interpretability, and real- time second opinion features, which are increasingly vital in

modern healthcare applications.

IV. PROPOSED SYSTEM

The proposed Al-based symptom checker system aims to overcome the limitations observed in existing tools
by integrating multiple intelligent modules into a unified healthcare platform. This system accepts both
structured inputs such as manually entered symptoms and unstructured data such as scanned lab reports and
handwritten prescriptions.

The core innovation lies in combining Optical Character Recognition (OCR) and Natural Language
Processing (NLP) to interpret documents, extract relevant health information, and convert it into analyzable
formats. The processed data is then passed through multiple trained machine learning models—including
Random Forest, Logistic Regression, K- Nearest Neighbors (KNN),and Support Vector Machines (SVM)—to
predict the likelihood of various diseases such as diabetes, heart disease, and Parkinson’s.

In addition to multi-disease prediction, the system offers a second opinion module that compares Al-
generated in- sights with previously uploaded prescriptions or diagnoses. Furthermore, the platform
intelligently recommends relevant medical specialists based on the extracted symptoms and predicted
conditions. A user-friendly web interface developed using Streamlet ensures real-time interaction and
accessibility. Overall, this proposed system aims to provide a holistic, accessible, and intelligent health
support tool for patients and caregivers, particularly in underserved or remote regions. The second opinion
mechanism serves as a cross-verification tool, mimicking how human doctors often consult peers before
confirming complex diagnoses.

A System Overview

The Al-based Health Symptoms Checker is an intelligent medical assistant designed to analyze user-
reported symptoms or uploaded lab reports to provide a preliminary diagnosis and suggest a relevant
medical specialist. It integrates Optical Character Recognition (OCR), Natural Language Processing (NLP),
and machine learning (ML) techniques to interpret user data, predict possible diseases, and offer second
opinions. This system enhances early diagnosis accuracy and supports clinical decision-making by

recommending appropriate healthcare professionals for
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User Input: The system begins by accepting either manually entered symptoms or an uploaded lab report.
OCR and NLP Processing: If a document is uploaded, OCR extracts the text, and NLP interprets the medical
terms and context to identify symptoms and conditions.

Disease Prediction: Using pre-trained ML models, the system analyzes the symptoms to predict potential
diseases. Second Opinion Analysis: To increase reliability, a second ML model re-evaluates the prediction
and provides an alternate opinion if necessary.

Specialist Recommendation: Based on the predicted disease(s), the system recommends a specialist for

consultation, streamlining the patient’s path to treatment.
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V. FUTURE ENHANCEMENTS

As Al-driven symptom checkers mature, several avenues exist to expand their capabilities, increase
reliability, and ensure broader adoption. The following enhancements outline both technological
innovations and user centric features that will propel next-generation systems:

A. Multilingual and Dialectal Support

Extending NLP pipelines to handle not only major global languages but also regional dialects can
dramatically improve accessibility. By integrating transformer-based translation models and dialect
classifiers, the system could accurately parse colloquial symptom descriptions and translate them into
standardized medical terminology. This would empower users in linguistically diverse communities and
mitigate biases introduced by limited language datasets.

B. Wearable and IoT Data Integration

Beyond self-reported symptoms, continuous physiological data from smart watches, fitness trackers, and
home IoT de- vices (e.g., smart thermometers, pulse dosimeters) can enrich the feature space for disease
prediction. Real-time analytics on heart rate variability sleep quality, activity patterns, and skin temperature
could feed into ML models, enabling early detection of subtle anomalies and transition from reactive to
proactive healthcare.

C. Personalized Baseline Modeling

Everyone’s “normal” physiology differs. Implementing a user-specific baseline model—trained on each
individual’s historical data—would allow the system to detect deviations more sensitively. Techniques like
one-class classifiers or anomaly detection on personalized time-series data could trigger alerts when a user’s
vital signs drift from their own norm, rather than relying solely on population-wide thresholds.

D. Federated and Privacy-Preserving Learning

Healthcare data is inherently sensitive. Federated learning frameworks can train global models without
moving raw data off users’ devices. Coupled with differential privacy techniques, this approach would
aggregate improvements to disease prediction while ensuring end-to-end encryption and compliance with
regulations like GDPR and HIPAA.

E. Adaptive Second Opinion Selection

Rather than a fixed pair of ML models, an ensemble library of diverse algorithms (e.g., tree-based, neural
networks, Bayesian models) could dynamically select which two or more “opinions” to compare based on
the symptom profile. Meta-learning can learn which combinations perform best for particular disease
categories, optimizing the cross-verification process.

F. Emotion and Sentiment Analysis for Mental Health

Incorporating modules that analyze user sentiment during symptom reporting—via text tone, keyword
spotting, or even voice analysis—would enable preliminary mental health screening. Early flags for
depression, anxiety, or suicidal ideation could be routed through specialized pathways, con- nesting at-risk
users with mental health resources or crisis hotlines.

G. Telemedicine and E-Referral Integration

Closing the loop between digital diagnosis and clinical care, future systems can embed appointment
scheduling, video- consultation links, and electronic referral generation. Inter- operability with EHR
(Electronic Health Record) standards (e.g., FHIR) would allow seamless transfer of the generated symptom

report and Al insights directly into a clinician’s workflow.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



H. Gasification and Patient Engagement

To improve long-term adherence, gasified reminders for follow-up symptom checks, medication tracking, or
lifestyle adjustments can boost engagement. Reward mechanisms (e.g., badges, progress bars) and
personalized health tips can motivate users to share richer data, which in turn refines model accuracy.

I. Continuous Model Updating and A/B Testing

Deploying a robust MLOps pipeline will enable real-world feedback loops: anonym zed outcome labels (e.g.,
confirmed diagnoses) can retrain models, while controlled A/B experiments can validate new features or
algorithms before full rollout. This agile approach ensures the system evolves responsively to emerging

diseases, shifting population health trends, and user behavior patterns.
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systems are accessible to educators, students, and other stakeholders in a
meaningful way. In this paper, we provide a survey of recent research in
XAI concerning education. It analyses the literature considering its
foundational concepts, organizes it using a new taxonomy, assesses modern
approaches to explanation generation and evaluation, as well as
highlighting challenging problems and foresight directions. The paper
builds on classic and contemporary works, including those on natural
language feedback, NLA, and evaluation metrics BERT Score and BLEURT.
This survey seeks to guide innovation and guide adoption of XAl in
educational technologies by synthesizing various strands of research. From
the survey conducted, less than 15% of the systems evaluated consider
actual constraints in classroom contexts such as real-time feedback delays

and educator-agent Al interactions, indicating a significant gap in research.

I. INTRODUCTION

The use of Artificial Intelligence in education expands the possibilities of enhancing the learning experience
alongside personalizing instruction as well as making administration work more efficient. The integration of
Al comes with a benefit; however the lack of many AI models, their acceptance and usability in the
education sector is very sensitive. Explainable Artificial Intelligence or XAI provides a solution by
guaranteeing the rationale of Al decision is clear and understandable. XAI can clarify explanations of
automated grading, explain interpretable feedback, and aid actions that are data-driven by educators. This

survey stems from the need for responsible and human-friendly Al educational systems. It encompasses
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natural language generation (NLG) in the context of student feedback and automating the assessment of

explanatory content.

II. LITERATURE SURVEY

[1] In the work of Wei Cao, Qi nan Wang, Assam Sheikh, and FHA. Shelby which puts forth a smart Al
based learning model they have created a personalization tool for the educational platforms that also
provides real time feedback and measures performance. With the help of machine learning and intelligence
systems the model is made to adapt to each individual user’s needs, and that in turn will do better at
increasing the user’s engagement and results. The authors also bring up the issue of the model’s scale and
performance, that which as they note -- is very efficient and so it does also scale well for large scale
education applications and also improves on the personal and data driven learning experience.

[2]An Empirical Research in the field of sequence classification which reports on the study done by Zhen
Xuanwu and Desmond C. On into the which explain ability methods do and do not work in BERT based
models. They look at a number of techniques which include attention weights and gradient based methods’
performance in terms of how they do at reflecting the models’ decision making processes. What they find is
that there are issues and limits to what current tools which we use for explanation can do which in turn
puts forth the case for better, more transparent and robust interpretability methods in NLP. This study adds
to the issue of explainable AI which is very much at the fore in the deployment of responsible models.

[3] In the work “A Study of Automatic Metrics for the Evaluation of Natural Language Explanations” which
looks at present automatic metrics we see an analysis of which present metrics such as BLEU, ROUGE, and
METEOR do in terms of evaluating natural language explanations from Al systems. What they find is that
for the most part these metrics do not do a good job at what they set out to do which is to report on the
quality of the explanation as determined by humans. Also they put forth that for the most part what we now
have are not sufficient metrics for evaluating the semantic quality and use of the explanations which is a
case for us to put forward better evaluation methods. This study adds to the body of work which is looking
to improve better and more useful assessment tools for explainable Al

[4] In the paper “A Review of the Trends and Challenges in the Use of Natural Language Processing in
Educational Feedback Analysis” which is by Than veer Shaik, Xiaohui Tao, Yan Li, Christopher Dan, Jacquie
McDonald, Petra Redmond, and Linda Gilligan the authors look at how Natural Language Processing is used
in the analysis of student feedback within education. They review present NLP methods including
sentiment analysis and topic modelling and report on their success in obtaining valuable information from
large sets of text based feedback. Also they bring to light issues of data quality, context understanding, and
ethics. The study reports on the value of NLP in improving teaching and learning via better feedback
analysis which in turn calls for more in depth and domain specific solutions

[5] In the work which reports the study conducted by Riah F. Elcullada Incarnation, Ann Jeannette Alain D.
Galong and Byron Joseph A. Haler we see that they look at what e learning does for teaching and learning in
particular within higher education. They report that which e learning does is increase access, flexibility and
student engagement via digital platforms thus makes education more inclusive and at the students’ own pace.
Also they address issues of limited internet access, reduced face to face interaction and varying degrees of
digital literacy among students and staff. As a whole the literature reports out that while e learning is a great
asset for modern education its success is tied to proper infrastructure, training and active participant ship of

the students.
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[6]Al is transforming education through the provision of personalized learning, automation of assessments,
and the introduction of virtual support via catboats and intelligent systems. Alexandra Harry reports on its
success in that which it tailors content to the student’s need and gives instant feedback, also in its approach
to issues of data privacy and the role of the teacher in the learning process. Her research puts forth the case

for responsible use of Al to augment, not to replace, human interaction in education.
III. BACKGROUND AND THEORITICAL

The integration of Artificial Intelligence (AI) in education has greatly advanced personalized learning,
resulting in a significant shift in the learning experience of students (Rana et al., 2022). Personalized
learning is a strategy in teaching which customizes the learning experience based on the requirements,
interests, competencies, and challenges faced by each individual learner (Samad, Hamza, Muazzam, Ahmer,
et al., 2022). It employs technology to modify the delivery of instruction to the learner's achievement level
and pace of learning (Zarei et al., 2022). Al technology is central to personalized learning as it relies on
advanced algorithms to process data. And we see that students’ trends in learning, what they prefer and
what they achieve is what Al uses to design personalized learning experiences for each student (Samad,
2022). Also, Al is able to present very targeted feedback to students on their progress and put forth what
they can do to improve which in turn gives a very personal and effective learning experience (Samudrala et
al., 2022). Also, we have seen that Al based personalized learning has been put into practice in many types
of educational settings which include K-12, higher education and corporate training (Mohammed, Samad,
Omar, 2022). For instance, in the case of K-12 schools Carnegie Learning’s Al integrated math software
reports to have improved student performance in math by 30%. Also, Duolingo which is an AI based
language learning platform gives a personal to each student which is tailored to their proficiency level and

what they are interested in learning.
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IV. THREE-DIMENSIONAL TAXONOMY FOR EXPLAINABLE AI IN EDUCATION.

Application area, technical method and evaluation strategy. Application area is what XAI does in
educational settings. This includes feedback which is given for open ended questions, conceptual
explanations within intelligent tutoring systems, justification of automatic essay scores, and transparency in
recommendation systems which in turn present learning material. Technical approach category is based on
the0 basal computing structure. Rule based systems use pre-determined logic and definitive rules to come up
with human understandable results. Discourse parsing approaches break down both what the student puts
in and the instruction material into discourse units which in turn enables more fine-grained comparison and
feedback. Transformative natural language generation models which include BERT, T5, and GPT are used to
put forth fluent and context appropriate responses which which adapt to a learner. Knowledge level. In
terms of graph-based techniques which include Bayesian networks and knowledge graphs we see that they
put dependencies and causal relationships in a structured form which in turn facilitates explanation via
traceable inference paths. Also, we have the third dimension which is the evaluation strategy that which
looks at how we determine the quality of explanations. At present human judgment is still the gold standard
particularity in relation to clarity and pedagogical value. While automatic metrics do very well in terms of
scale and reproducibility they sometimes fall short in terms of the depth they are able to capture in
educationally meaningful explanations. Hybrid evaluation approaches which put together human and

automatic assessments do better in giving a full picture of what works in terms of explanation effectiveness.

Taxonomy of Explainable Al in Education

This taxonomy categorizes explainable Al approaches in education across three dimensions:
Application Domain, Technical Approach, and Evaluation Strategy. It helps illustrate how
various methods and objectives align within educational Al systems.

Application Domain Technical Approach Evaluation Strategy

Feedback Generation Rule-Based Human Judgment

Essay Scoring Discourse Parsing Automatic Metrics (e.g.,
BERT Score)

Content Recommendation Transformer-Based NLG Hybrid Evaluation

Tutoring Systems Graph-Based Methods

V. COMPARITIVE ANALYSIS OF METHOD

In many of our studies we see how XAl is put into practice in education. Clinciu et al. (2021) looked at the
relationship between what humans judge and which automatic metrics we have for natural language
explanations. What they found is that embedding based metrics like BERT Score and BLEURT do better
than the traditional word overlap metrics like BLEU in terms of clarity and informativeness as judged by
people. Also, in 2022 Thanveer and team did an in depth look at NLP methods used in student feedback
analysis which they found to present practical issues like sarcasm, lexical ambiguity, and data imbalance.
Also, they brought to light the issue of needing models which are aware of context in which the educational
discourse takes place. Also, Grenander et al. (2021) put forth a neural approach to discourse analysis which
gives out personal feedback in an intelligent tutoring setting Their system built out exercise graphs which

compare student. Answers which we see to be at a high level of concept which in turn produces better
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learning results and greater user satisfaction. We see in these studies that there is great variety in the XAl
methods used in education and also that which technical we choose should support pedagogical goal.
Methods which include domain relevant info, which adapt to the learner’s context, and which put forth rich
semantic explanations are more likely to produce better learning results. In the case of embedding based
metrics which outperform the traditional word-based methods like BLEU we see it is because of their ability
to sense semantics and context. While metrics like BLEU do well with identical or very similar words
Embedding-based metrics like Bert Score utilize contextualized instructional word embeddings to examine
alignment on a deeper meaning. This functionality is especially useful in education, where students informal
language, ambiguous terms, or even sarcastic comments can pose a challenge one that automated systems
often misinterpret. BERT score mitigates these issues through comparison of vector representations of words
in context, which enables detection of semantic relationships that arise beyond the superficial matching of
tokens. Research results show that BERT Score measures alignment with human evaluation 20 to 30%
stronger than BLEU (Clinciu et al., 2021), due to the metric’s dual consideration of context with attention
mechanisms and relationships between words .This development is very much so in the field of educational
technologies which we see to be of great value when the instructional quality of a response is in terms of its
conceptuality not its word choice. By looking at the variable of semantic embedding as opposed to single out
words we see that these measures do better in the out performance of Al which in turn is able to give
relevant and contextual feedback to the user which may present in many different language-based settings

and proficiencies.

VI. OPEN CHALLENGES AND FUTURE DIRECTIONS

There's enormous promise, alongside an equal scale of limitation, to the application of XAI within education,
as operationalized by the most recent studies. Clinciu et al. (2021) show that although embedding-based
metrics such as BERT Score or BLEUR reflect human judgments of explanation quality much better than
word-overlap metrics like BLEU, evaluating pedagogical appropriateness remains a daunting challenge.
Thanveer et al. (2022) further analyzed the CVED sub-task of educational discourse and highlighted the
issues of sarcasm, lexical ambiguity, and imbalanced data that routinely hinder even the best-performing
NLP feedback systems. Collectively, these findings illuminate the tension between technical feasibility and
educational legitimacy. Systems Grenander et al. (2021) developed—like the neural discourse analysis that
features feedback on underlying concepts rather than outcome-level signals via exercise graphs offer some
hope on the technical side but, they remain limited in handling the full spectrum of authentic student
responses. Research needs to look at how students interpret Al generated feedback in terms which data
literacy skills they have to effectively use learning analytics dashboards (Wasson et al., 2016). Also, we see
that which aspects of the ethics of automation require more study while Al is able to give very personal
feedback at scale, this also may put in play issues of reduced teacher student interaction or bias. Also to
come we will see a push for hybrid human-AI systems which balance the scale of what embedding based
evaluation does with that of the educator’s input which in turn will see to it that the explanations put forth
are of high technical and pedagogical value. In addition, longitudinal studies are required to understand the
impact XAI tools have on learning trajectories beyond measuring user satisfaction. By solving these
problems, the forthcoming generation of educational XAI can shift from being confined to the laboratory to

full-fledged classroom integrative use.
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VII. CONCLUSION

The explainable AT challenge in educational settings goes beyond a technical problem; it is a people problem.
Providing students, educators, and institutions access to Al systems enhances trust, fairness, and learning
outcomes, alongside bolstering the reliability, integrity, and violence-free nature of educational
environments. In so doing, this survey aims to provide a comprehensive account of current methodologies
in XAI, develop a taxonomy for approaches, provide comparative analyses, and discuss areas of concern and
prospective work. With the increasing integration of Al tools into education,

the dependability, transparency, responsibility, and efficiency of educational systems will fundamentally

require XAL
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This survey explores the latest methods, challenges, and progress in Al-
powered facial recognition and relocation systems, aiming to give a clear
picture of their effectiveness and potential areas for enhancement. Facial
recognition is a machine learning technique that identifies individuals by
analysing their facial features, and it's being used to tackle various real-
world issues today. In this paper, we address a pressing real-world
challenge locating a missing person using facial recognition technology in
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I. INTRODUCTION

In The issue of finding missing persons is a pressing concern for law enforcement, humanitarian groups, and
families around the globe. Traditional methods—Ilike handing out flyers, searching on foot, and sifting
through surveillance footage— can be incredibly slow and resource-heavy, often leading to delays that hurt
the chances of a successful recovery. With urban populations on the rise and data becoming more plentiful,
there’s a real need for smarter, more efficient ways to tackle this problem. Recent breakthroughs in
Artificial Intelligence (AI), especially in facial recognition and relocation tech, present exciting
opportunities to improve the search for missing individuals. By harnessing deep learning algorithms and

computer vision, Al can sift through massive amounts of data—Ilike images from security cameras, social

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative @
Commons Attribution 4.0 International License (CC BY-NC 4.0)



media, and public records—to spot and track people in real-time. Relocation data adds another layer, giving
authorities the spatial context they need to accurately identify potential locations of missing persons.
Combining AI-powered facial recognition with relocation tools not only speeds up the identification process
but also boosts accuracy, increasing the chances of reuniting missing individuals with their loved ones. Plus,
these technologies can work around the clock and independently, lessening the need for manual searches
and allowing for more proactive strategies.

This paper delves into the current state of Al in missing person investigations, looking at the methods,
challenges, and ethical issues at play. By reviewing existing research and case studies, we aim to provide a
thorough overview of how Al-driven facial recognition and relocation can transform the search for lost
individuals, ultimately leading to more effective and compassionate outcomes.

Interaction diagram of the proposed System:

The interactions of a finder and a family member of a missing person with our system can be depicted by

the interaction diagram

Verify . Finder
'] A
P (vi)
LostPDB| |ramily-side| vy (——
Police Station Finder-Side
4 S (5) Police Station
4
Missing Match DB (v) Finder-Side
Person’s 6 Police Station
Family f

Fig. 1: Interaction diagram of the system

From the interaction diagram, it can be seen that the two subsystems— the missing person’s kin-side
subsystem and The finder-side subsystem— are maintaining two separate databases: “Found People” and
“Lost People”, respectively, and connected by the cross-matching. The user-uploaded information and
photos are verified thoroughly before proceeding toward further approaches in the system. At first, the
information, except the photo uploaded by a user, is verified by an appropriate and authorized police station
keeping the user’s status as AP (Administrative Processing) so that an intruder cannot get into the process.
After getting approval from the police station, the status of the user is updated and the uploaded photo is
saved after performing another verification step. Verification of the uploaded photo is also important for the
system’s security.

It is not expected to create multiple entries for a missing person at a time. Intruders can use a large number
of same and valid entries to commence system failure. While matching the uploaded image from the missing
person’s kin and the finder, the system uses the images from “Found People” and “Lost People” databases
respectively. Here the cross-matching occurs. Depending on the result of matching, either the information

along with the photos are saved in the suitable database, or the system shows and notifies the concerns.
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II. LITERATURE REVIEW:

The combination of artificial intelligence (AI) with facial recognition and relocation technology is shaping

up to be a game-changer for tracking and identifying lost or missing people. Over the past few years, we've

seen remarkable advancements in face detection and recognition algorithms, especially with the rise of deep

learning methods like convolutional neural networks (CNN).

1.

[2].

The Face Net model developed by Scruff et al. (2015), which showcased impressive accuracy in
creating face embedding’s for recognition and clustering tasks.

The Taiga et al. (2014), introduced Deep Face , one of the pioneering deep learning models that nearly
matched human-level performance in facial verification.

Zhou et al. (2019), On the relocation front, services that leverage Global Positioning System (GPS)
technology have also become more precise and reliable. These innovations are now commonly found
in smartphones and wearable devices, providing real-time location tracking for at-risk groups like
children, the elderly, or individuals with cognitive challenges, as highlighted.

Yang et al. (2021), The interplay between relocation and facial recognition has been investigated in
smart surveillance and security systems. Yang proposed a system designed for smart city environments
that employs Al-driven video surveillance alongside location-aware alerts.

Snarkier et al .(2020), Numerous studies have delved into the ethical and privacy implications of using
these technologies. For instance, stressed the importance of robust data governance and obtaining user
consent, especially in scenarios involving personal identification..

Sharma et al. (2022), The issue of ensuring secure data transmission and storage has also been
addressed, who examined the vulnerabilities of Al-based tracking systems to cyber attacks and data
breaches. Moreover, real-time facial recognition has been scrutinized in the context of law
enforcement and emergency response.

Jain and Singh et al. (2023), introduced a hybrid model that merges face recognition with mobile
technology, further exploring its potential applications.

Venkatasalam et al. (2024), In order to enhance the process of locating missing suggested an Al-based
system that combines machine learning algorithms with Face Net, a deep convolutional neural
network. To create thorough profiles and identify potential leads, the system analyses a variety of data
sources, including social media activity and surveillance footage. The process is intended to increase
the effectiveness and efficiency of search and rescue operations.

Adams et al. (2024), The Amber Alert framework was proposed That artificial intelligence (AI) to help
find and rescue missing people. In order to process geoinformation and other identifiers and
accurately predict the locations of missing people, the system uses multiple classifiers. The framework
also investigates federated learning and anonymization strategies to safeguard personal information in

order to address privacy concerns.

. Zhang et al. (2024), Face Restoration Powered by Al for Forensic Recognition The use of Al-driven

face restoration methods in forensic face recognition. These techniques, which include image in
painting, demonizing, deploring, and super-resolution, improve the quality of damaged or low-
resolution facial images, increasing the precision of identity recognition. The study emphasizes the
value of deep learning techniques for facial feature restoration, including generative adversarial

networks (GANSs) and convolutional neural networks (CNNs).
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[11]. Leslie's et al. (2020), Moral Issues with Face Recognition Technology Concerns about privacy, civil
liberties, and systemic biases discussion of the ethical implications of facial recognition technologies.
The study emphasizes how past discriminatory trends may have an impact on the development and
application of facial recognition software, potentially resulting in unfair outcomes. To lessen negative
effects, it urges responsible development and governance of these technologies.

[12]. Zahra et al. (2022), Issues with Person Re-identification and Upcoming Developments A thorough
analysis of person re-identification (Re-ID) methods. who concentrated on issues like background
clutter, pose variations, and occlusion. The study discusses the developments in deep learning
techniques and their suitability for real-world situations while classifying current methods into
closed-world and open- world settings. In order to address the current issues with in- person Re-ID,
the review also suggests future research avenues.

[13]. Bamigbade et al. (2024), Multimedia Relocation in Human Trafficking Investigations A thorough
review of the literature on the application of computer vision for multimedia relocation in human
trafficking. In order to help identify and locate missing people, the study looks at how artificial
intelligence (AI) and deep learning techniques can extract geographic clues from multimedia content.
Potential uses of these technologies in the fight against human trafficking and related crimes are
suggested by the review.

An essential part of Al-driven systems for finding missing people is relocation. It entails utilizing a variety of

technologies, including GPS, Wi-Fi, cell towers, and IP address analysis, to ascertain the precise location of

an individual or object. Smartphones and wearable technology frequently use GPS-based tracking to provide
real-time location updates because it provides the highest precision, usually within 5 to 10 meters. However,

Wi-Fi positioning systems are used in places where GPS signals are weak, like indoors or in crowded urban

areas.

These systems use signal strengths and nearby Wi-Fi networks to estimate location. Cell tower triangulation

is another popular method that emergency services frequently employ, albeit with less accuracy, to estimate

a user's location by utilizing the signal strengths from several mobile towers.

IP-based relocation, usually at the city or regional level, can give an approximate location based on the

device's internet IP address in cases where direct device access is not possible. In more sophisticated

applications, Al-powered visual relocation uses pre-trained convolutional neural networks to identify
landmarks, scenes, or environments in images or video frames and then infers the likely location.

Furthermore, a lot of photographs have EXIF metadata, which could include GPS coordinates if the image

was captured using a GPS-enabled camera or a mobile device.

Modern relocation frameworks frequently use a hybrid approach to increase robustness, combining various

sources such as GPS, Wi-Fi, and visual cues to improve accuracy and dependability. This multi-layered

system makes it easier for emergency responders, law enforcement, and non- governmental organizations to
find and reconnect missing people with their families. To ensure data security, consent, and compliance
with laws like the GDPR or national cyber security laws, it is crucial that all relocation data be handled

strictly in accordance with ethical standards and privacy laws.

ITI. STANDARD TECHNIQUES:

The tasks outlined in the proposed system are clear, secure, and straightforward, making it effective in

achieving the desired results.
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Let’s break down the steps of the algorithm:

1)  First, upload a clear photo of the missing person along with essential details: You’ll need to provide a
recognizable photo of the missing individual, along with important information such as your national
identity (NID), contact number, email address, police station details, and location.

This information is crucial for the system to perform its matching and notification functions. Until the

verification process is fully completed, the status of your submission will remain as "AP."

2)  Verify the uploaded photo and information: The first step is to check the authenticity of the email
address provided for the police station. If it’s valid, the information will be sent to the police for
verification and to file a missing person report. Since NIDs and phone numbers are officially
registered for all citizens, the police can easily confirm the user’s details and the missing case.

Once the police approve the case and the user’s information, the uploaded photo of the missing person will

be verified to prevent duplicate entries in the system. If any discrepancies arise during verification, the

system will halt further progress.

3)  Store the verified encoded image and user information in the database: The encoded version of the
recently uploaded photo of the missing person, along with the user’s information, will be securely
stored in the system’s database for future reference.

4)  Match the newly encoded photo with unrecognized photos saved in the system’s cross-directory: To
identify a missing person, the system performs cross-matching. It attempts to find a match between
the newly uploaded encoded photo of the missing person and the collection of unrecognized photos
stored in the system.

The combination of Artificial Intelligence (AI) with facial recognition and relocation technologies has really
transformed how we find missing people. Lately, researchers have been putting a lot of effort into making
these systems more accurate, efficient, and ethically sound.

Advancements in Facial Recognition Technologies Recent research has come up with some creative ways to

enhance facial recognition, especially in tricky situations. For example, a new method that combines several
face-recognition algorithms with a soft voting approach has been introduced to effectively track missing
individuals in crowded places, like religious events, where traditional techniques struggle due to poor image
quality and changing light conditions.

Moreover, there's been exploration into using interactive robots that come with real-time face recognition
capabilities to help locate missing persons. These robots can analyse moving images and deliver real-time
location updates, making search operations much more responsive.

Age Progression and Predictive Modelling To tackle the issue of finding missing children over long periods,
researchers have created face prediction systems that leverage Al algorithms like StyleGAN2 and Face Net.
These systems can forecast how missing children might look in the future by examining photos taken before
they went missing and comparing them to images of their biological relatives. This approach boosts the
chances of recognition as the child grows older.

Integration of Relocation and Surveillance Data Merging relocation data with facial recognition has played a
crucial role in honing in on search areas. For instance, during large events, techniques like defencing paired
with smart video surveillance have been used to automatically track registered missing individuals. By
analysing both spatial and temporal data, these systems can effectively direct search efforts to specific areas,

significantly cutting down on the time and resources needed.
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IV. CHALLENGES:

Data Privacy and Ethical Concerns: When we collect and analyze personal data like surveillance
footage and social media activity it raises some serious privacy issues. We need to find a way to
balance the demands of investigations with the privacy rights of individuals, which calls for strict data
protection measures and clear policies.

Algorithmic Bias: Facial recognition technology often shows biases, especially against people with
darker skin tones or distinctive facial features. These biases usually come from training datasets that
lack diversity, resulting in higher error rates for those who are underrepresented.

Technical Limitations: Factors like image quality, lighting, and facial expressions can really affect how
accurately facial recognition systems work. Plus, merging Al systems with current law enforcement
technologies can create compatibility issues.

Legal Barriers: Tough data privacy laws, like the General Data Protection Regulation (GDPR), restrict
how facial recognition technologies can be used in investigations. Working within these legal
frameworks means we need to be transparent about how we collect and use data.

Time Sensitivity: The success of search operations tends to fade over time. If there are delays in
reporting or processing information, the chances of finding missing individuals can drop significantly.
Relocation Limitations: GPS can struggle with accuracy when you're indoors or in crowded city areas.
Merging data from different sources like CCTV, mobile, and Wi-Fi can get pretty complicated.
Real-Time Processing Requirements: There's a pressing need to quickly process huge amounts of
video data. This puts a lot of strain on computing resources and infrastructure.

Integration with Existing Systems: There are interoperability hurdles when working with law
enforcement, health services, and NGOs. We really need standardized APIs and protocols to make
things smoother.

Scalability and Cost : The costs for development and deployment can be quite high, especially for
large-scale applications. There are also infrastructure challenges in remote areas or places with limited
resources.

Poor or Incomplete Information: The accuracy of facial recognition is impacted by surveillance images
that are partially obscured, low-resolution, or blurry. Particularly in offline or rural areas, relocation
data may be inaccurate, missing, or out-of-date.

Variability in Appearance and Age Progression: I models trained on old photographs are less effective
because people's facial features change over time

Model Bias and Accuracy: Bias in facial recognition systems can occur across genders, ages, and
ethnicities, resulting in missed matches or false positives. In situations where GPS is blocked or where
there is a high population density, such as tunnels or crowded events, relocation models may not be
accurate.

Complexity of Integration : Compatibility across various data sources, real-time data processing, and
complex software architecture are necessary for integrating facial recognition with geolocation
systems.

Consent and Privacy Issues : Individual privacy may be violated by the collection and analysis of
location and facial data, particularly if consent is not obtained. There is a chance that surveillance will
be abused or that data will be used for unrelated commercial or law enforcement purposes.

Security of Data and Vulnerabilities : To avoid hacking, leaks, or misuse, personal information, such as

relocation logs and facial photos, must be transmitted and stored securely.
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V. FUTURE:

Enhanced Age Progression Techniques: By developing better algorithms that take into account how
faces change with age, we can improve the identification of individuals who have been missing for a
long time.

Utilization of Synthetic Data: Using synthetic datasets can help tackle privacy issues and reduce biases
by offering diverse and representative training data for facial recognition systems.

Integration with Predictive Analytics: Merging facial recognition with predictive models can help
spot patterns and potential locations for missing individuals, making search operations more efficient.
Community Engagement and Crowdsourcing: Tapping into social media and getting the community
involved can really help in gathering information.

Edge AI and IoT Integration: Leveraging edge devices like smart cameras for real-time processing
right where it happens, cutting down on delays. * Integrating IoT for ongoing tracking in public areas.
Improved AI Models : Techniques aimed at reducing bias and enhancing fairness in facial recognition.
Better recognition capabilities even when faces are partially hidden, as people age, or when they’re
disguised.

Privacy-Preserving Al: Using federated learning and differential privacy methods to protect user data.
Employing block chain technology for secure and transparent data management.

Multimodal Recognition Systems : Merging facial recognition with voice, gait, or behavioral cues.
Utilizing contextual information like clothing and movement patterns to improve identification
accuracy.

Cross-border Collaboration: Establishing international standards and shared databases to monitor
individuals across different regions. Forming partnerships among NGOs, governments, and tech firms.
Community-Based Alerts and Apps : Developing mobile applications for crowd sourced reporting and
sightings. Implementing geofencing and alert systems to encourage quick public participation.
Augmented Reality for First Responders: Utilizing AR technology to assist security personnel in
identifying individuals in real-time.

Ethical Frameworks and Policy Development: Creating Al ethics boards and policies tailored for
technology related to missing persons. Involving communities and stakeholders to foster trust and
collaboration

Multimodal Integration and Advanced Al Models: Multimodal AI, which combines voice recognition,
gait analysis, facial recognition, and even behavioral patterns, will be used more and more in future
systems. Improved deep learning architectures, such as multimodal neural networks or transformer-
based models, will enable increased precision under different circumstances. cross- referencing
relocation, audio, and facial data to improve identification accuracy.

Real-Time Relocation Using Wearable’s and the Internet of Things Continuous, real-time location
tracking will be made possible by the widespread use of Internet of Things (IoT) devices, such as
smart watches, smart clothes, or connected ID tags. These instruments will Assist in monitoring
populations that are at risk, such as children, the elderly, and people suffering from dementia. Cut
down on search and rescue response times.

Al-Powered Facial Synthesis and Age Progression: Identification of people who have been missing for

extended periods of time will be facilitated by Al-powered age progression and facial reconstruction
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tools (using GANs and deep morphing models). These systems are capable of Make predictions about a

child's appearance years from now. Reconstruct faces from partially visible cues or damaged images.
VI. CONCLUSION

The search and recovery of lost people could be revolutionized by the combination of Al-powered facial
recognition and relocation technologies. Modern systems can reliably identify people even in difficult
situations like poor image quality, occlusion, or crowded environments thanks to the use of sophisticated
deep learning models like Face Net, convolutional neural networks (CNNs), and generative adversarial
networks (GANSs).

At the same time, relocation frameworks that examine social media, surveillance footage, and other digital
traces greatly improve the precision and speed of missing person searches.

The use of these technologies is not without difficulties, though. To guarantee responsible deployment,
ethical issues such as algorithmic bias, privacy violations, and data security must be carefully taken into
account. Real-world implementation also needs to take operational scalability, public trust, and legal
frameworks into consideration.

Authorities and humanitarian organizations' approaches to missing person cases have undergone a
significant change as a result of the convergence of relocation, facial recognition, and artificial intelligence
(AI). Especially in high-density or high-risk environments, this multidisciplinary approach offers previously
unheard-of potential to expedite recovery efforts, narrow search areas, and streamline identification
processes.

According to research, deep neural networks like Face Net and GANs, which are used in Al-based facial
recognition systems, can reliably identify people in a variety of situations, such as partial occlusion, age
progression, and image degradation. These tools improve on the capabilities of traditional surveillance and
can be connected to social media, public datasets, and transportation networks to establish a real-time
tracking system.

Al-powered relocation systems make an equal contribution to reducing the size of physical search areas.
Authorities can determine the probable movements or last known location of missing people by examining
digital breadcrumbs, such as location-tagged images, mobile signals, and CCTV defencing. Emergency
response teams have access to a potent decision-making tool when facial and locational data are combined
into a single framework.

With a variety of methods ranging from GPS tracking to visual scene analysis, relocation is essential to Al-
driven systems intended to find missing people. By integrating multiple relocation methods—such as GPS,
Wi-Fi, cellular networks, and image-based recognition—these systems can achieve higher accuracy and
reliability, even in complex or low- connectivity environments.

When combined with facial recognition and real-time data processing, relocation becomes a powerful tool
for identifying, tracking, and safely recovering missing persons. However, to ensure ethical and responsible
use, it is crucial to implement strong data privacy, security measures, and comply with legal regulations.
Ultimately, relocation technology, when properly applied, significantly enhances the efficiency and
effectiveness of lost person recovery efforts.

Not with standing these benefits, there are important legal, ethical, and technical factors to take into
account. Racial or gender biases can distort the accuracy of Al models, and abuse or overreach may result in

privacy violations or improper surveillance. When designing these systems, community involvement,
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transparency, and data governance must be given top priority. Some of these issues can be lessened with the
use of federated learning, encryption, and anonymization techniques.

In conclusion, while Al-powered facial recognition and relocation frameworks offer promising
advancements in addressing missing person cases, their effectiveness hinges on ethical deployment, robust
technical accuracy, and collaboration across law enforcement, technologists, and policy makers. Future
research should continue to focus on refining recognition models, reducing bias, and enhancing geospatial

analysis to fully realize the potential of AI in humanitarian contexts.
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The fast-evolving nature of academic requirements in technical education
has prompted an urgent need for smart educational tools, especially for
last-minute semester exam preparation. Students today are required to
digest complex and voluminous subject matter in a very short amount of
time, particularly before examinations. Traditional modes of study,
including reliance on textbooks and classroom notes, are no longer
sufficient to meet these demands.

Al-driven exam preparation platforms leverage the power of machine
learning, natural language processing, and generative technologies to
automate the creation of concise, effective, and strategically targeted
academic resources. These platforms can analyse previous exam papers,
synthesize explanations, and generate tailored study material in a matter of
hours. This survey reviews a range of such technologies and explores how
they enhance learning outcomes, minimize stress, and optimize academic
performance during crucial preparation windows structure. Also we look
at real time optimization strategies which enable faster inference and
higher scalability which are very much required for practical deployment
in large scale retail settings.

The fast-evolving nature of academic requirements in technical education
has prompted an urgent need for intelligent educational tools, particularly
for effective last-minute semester exam preparation. Students are
increasingly expected to master complex and voluminous material within
limited timeframes, a challenge that traditional study methods—such as

textbooks and classroom notes—often fail to address efficiently.
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I. INTRODUCTION

Higher education is undergoing a significant transformation driven by evolving pedagogical paradigms,
technological advancements, and changing student expectations. Universities and colleges are increasingly
challenged to deliver education that is not only rigorous and comprehensive but also adaptive, scalable, and
responsive to the needs of a diverse and digitally-native student body. One of the most prominent
challenges students face in this context is the ability to efficiently assimilate large volumes of academic
content, especially during critical assessment periods such as end-of-semester examinations. These high-
stakes evaluations often determine academic progression, scholarships, and future career opportunities. The
pressure to perform well in a constrained timeframe compels students to find effective ways to prioritize and
master complex course materials.

Conventional exam preparation strategies rely heavily on two primary inputs: in-class instruction and
student-generated revision materials. Lectures and tutorials remain central to academic learning, offering
structured exposure to key topics and concepts. However, the variability in teaching quality, the pace of
instruction, and differences in faculty interpretation of syllabi can create disparities in student
comprehension.

Similarly, student-created notes, summaries, and flashcards — often shared through informal peer networks
— are time-intensive to produce and lack standardization. They may omit critical points or reflect
subjective interpretations, thereby undermining their reliability. These limitations become especially
problematic when students are under time constraints and require high-quality, condensed learning aids for
last-minute revision. Artificial Intelligence (AI) offers a transformative alternative to these traditional
methods. Al-powered exam preparation tools can automate the generation of targeted study content,
offering students access to curated summaries, practice questions, key concept explanations, and strategic
revision guides within a fraction of the time required by manual methods. These systems typically employ
natural language processing (NLP), machine learning (ML), and data mining techniques to analyse past
examination papers, syllabus outlines, lecture transcripts, and textbooks. From these inputs, they identify
frequently tested themes, extract core concepts, and produce coherent study resources aligned with
university standards. Importantly, such tools can adapt to the nuances of specific academic disciplines,
institution-specific curriculum changes, and evolving examination patterns. Al-driven exam preparation
platforms usually consist of several interrelated components:

Input Layer: This includes ingestion of documents such as lecture notes, textbooks, previous exam papers,
and syllabus outlines. OCR and NLP are used for parsing and understanding both structured and
unstructured content.

Content Analysis Engine: Using topic modelling, keyword extraction, and semantic analysis, the system
identifies important topics and subtopics. It ranks these based on recurrence in past exams and relevance to
the current curriculum.

Content Generation Module: Based on insights from the analysis engine, this module produces summaries,
flashcards, potential test questions, and revision notes. Generative Al models, such as large language models
(LLMs), are employed to ensure clarity, conciseness, and academic rigor.

Personalization Layer: Tailors the generated content to individual learners based on their performance
metrics, learning styles, and academic goals. Adaptive learning algorithms adjust difficulty levels and

content presentation in real time.
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Feedback Loop and Continuous Learning: Systems improve over time through user feedback, interaction
data, and ongoing performance evaluation. This ensures the relevance and accuracy of generated content.
Speed and Efficiency: Al tools can condense weeks of study into digestible, high-yield content packages
within hours. This is particularly useful for students balancing academics with part-time work, family
obligations, or health challenges.

Consistency and Quality Control: Unlike peer-generated notes, Al content maintains a consistent level of
accuracy and quality. It is systematically derived from multiple authoritative sources and cross-validated by
algorithms.

Customization and Accessibility: Students with different learning preferences—visual, auditory,
kinaesthetic—can benefit from Al tools that offer multimodal content (e.g., videos, info graphics, quizzes).
Additionally, learners in remote or underserved areas can access high-quality resources previously available
only through elite institutions.

Scalability: Educational institutions can deploy these systems across departments and disciplines, reducing
the need for extensive human intervention in content creation while supporting faculty in focusing on
mentorship and complex pedagogical tasks.

Cost Reduction: Al solutions lower the long-term costs associated with curriculum development, academic
support services, and tutoring, making quality education more financially sustainable.

Despite their promise, Al-driven educational tools raise important questions related to fairness, bias, data
privacy, and academic integrity. The effectiveness of such systems depends on the diversity and quality of
the data they are trained on. If biased or incomplete, they may perpetuate gaps in knowledge or
misrepresent critical perspectives. Moreover, overreliance on Al for learning could diminish critical
thinking skills or encourage surface-level learning if not balanced with deeper, inquiry-based pedagogy.
Institutions must also navigate issues around data ownership, student privacy, and the appropriate role of

automation in academic decision-making.

II. LITERATURE REVIEW:

Evolution of Al in Education (2019-2024)

Introduction

Artificial Intelligence (AI) has rapidly become a transformative force in education, particularly in the
context of last-moment exam preparation and personalized learning. Between 2019 and 2024, Al
technologies evolved from simple automation tools into sophisticated generative systems capable of
emulating human instruction. This transformation has reshaped not only how students learn but also how
educational content is delivered, contextualized, and customized to individual needs. This literature review
explores the key stages in this evolution, focusing on the integration of machine learning, natural language
processing (NLP), and generative Al tools across a five-year period.

1. Foundational Phase (2019-2021): Automation and Classification

In the initial stages of AI’s application in education, the primary focus was on automating routine tasks and
improving content management. Al tools in this phase were largely rule-based and relied on traditional
machine learning models. Their capabilities were limited to classifying learning materials, recommending

study paths, and summarizing content.
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1.1 Digital Tutoring Systems

One of the earliest applications during this time was the emergence of intelligent tutoring systems (ITS),
such as Carnegie Learning’s platforms. These tools used decision-tree-based algorithms to deliver adaptive
content and offer basic feedback to learners. Though rudimentary, ITS demonstrated AI's potential to
reduce teacher workload and provide scalable support for student learning.

1.2 Content Summarization and Keyword Extraction

Al tools like IBM Watson and early open-source NLP libraries such as spacey and NLTK were used to
generate automated text summaries and keyword lists. These applications helped students extract relevant
information from lengthy academic documents. However, these systems lacked semantic understanding,
making them less effective in disciplines requiring contextual interpretation or critical thinking.

1.3 Limitations

Despite their novelty, tools from this era had several drawbacks. They could not generate original content or
adapt to different examination styles. Furthermore, they relied heavily on pre-programmed logic and lacked
the ability to understand nuance in educational text. As a result, their utility was largely restricted to
information organization rather than content creation or predictive learning.

2. NLP Integration and Context-Aware Systems (2022)

The year 2022 marked a pivotal moment in the evolution of Al in education, characterized by the
integration of more advanced natural language processing techniques. AI models began to leverage large-
scale academic datasets, enhancing their ability to interpret, synthesize, and generate meaningful study
content.

2.1 Emergence of Transformer-Based Models

The release of transformer-based architectures such as GPT-3 significantly changed the landscape of
educational Al. These models could process large volumes of text with improved contextual awareness.
Researchers and developers began fine-tuning such models on university syllabi, question banks, and
academic journals to create Al systems that could predict commonly tested concepts and generate high-
quality academic explanations.

2.2 Contextual Extraction and Topic Mapping

Using NLP, Al tools were now capable of identifying the most relevant parts of a course syllabus and
mapping them to frequently asked exam questions. For instance, systems could analyze trends from past
exam papers and suggest potential questions based on topic recurrence and difficulty level. This feature
proved particularly beneficial for last-moment exam preparation, as students could focus on high-yield
topics.

2.3 Personalization of Learning Paths

Advanced NLP tools also enabled Al systems to personalize study plans. By analyzing a student’s progress,
preferred learning pace, and weak areas, AI models could dynamically adjust study material. This shift
toward individualized learning marked a departure from one-size-fits-all tutoring models and improved
educational accessibility for diverse learners.

3. Generative Intelligence and Multimedia Education (2023-2024)

In 2023 and 2024, the most significant advancement in Al-based education came through the development
of generative models and synthetic media. These tools offered not only content generation but also

immersive, multimedia-based delivery methods that simulated human teaching styles.
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3.1 Rise of Generative Al

The launch of models like GPT-4 and other large language models (LLMs) with enhanced reasoning and

content generation capabilities empowered platforms to produce high-quality answers, summaries, and

practice questions. These models could mimic academic tone, adhere to specific syllabus requirements, and

create explanations tailored to student comprehension levels.

3.2 Synthetic Lectures and Avatar-Based Delivery

Projects such as Auto Learn and Quick Prep AI introduced virtual lecture systems where Al-generated

avatars could deliver customized educational content. These avatars used voice synthesis and facial

animation technologies, making the experience interactive and engaging. Al lecturers could answer student

queries, explain difficult concepts, and adapt delivery based on student performance analytics.

Such systems blurred the line between traditional classroom learning and digital learning, allowing students

to access academic lectures in a flexible, scalable format. These technologies were especially beneficial

during exam season, as they provided bite-sized learning modules that could be consumed efficiently.

3.3 Predictive Question Generation

Another key innovation was the use of deep learning algorithms to generate likely exam questions based on

curriculum trends, institutional patterns, and topic frequency. These models could process thousands of past

papers and generate predictive sets of questions along with step-by-step solutions. This capability

significantly improved exam preparedness, especially in time-constrained scenarios.

3.4 Integration with Learning Management Systems (LMS)

Advanced generative tools were integrated with LMS platforms, allowing teachers to monitor student

progress while Al handled content generation and question delivery. This synergy reduced instructor

workload and gave students access to timely feedback and additional resources based on their performance

data.

4. Comparative Analysis and Educational Impact

Over this five-year timeline, AI’s role in education evolved from supportive automation to becoming an

active learning facilitator. Several comparative trends are noteworthy:

e Shift from Static to Dynamic Content: Early Al tools offered static assistance (e.g., summarization),
while later tools could create dynamic and context-sensitive learning modules.

e From Assistance to Autonomy: Initial Al applications required human oversight, but later developments
allowed Al to operate independently, offering autonomous learning environments.

e Increased Engagement: Multimedia integration, voice avatars, and real-time content adaptation
significantly enhanced student engagement compared to earlier text-based tools.

e Democratization of Learning: Al-driven tools reduced the dependency on human educators for exam
preparation, thereby increasing accessibility for students in remote or underserved regions.

5. Challenges and Future Directions

Despite these advancements, challenges remain:

e Content Accuracy: Generative Al models can sometimes produce plausible but incorrect explanations,

which may mislead students if unchecked.

e Ethical Considerations: The use of student data for personalization raises privacy concerns. Regulatory
frameworks are needed to govern Al use in education responsibly.

e Over-Reliance on AI: Students may become overly dependent on Al tools, potentially undermining

critical thinking and self-learning capabilities.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



e Instructor Integration: While AI can supplement teaching, it cannot fully replace the mentorship and
feedback offered by human educators. Future models must be developed to work in harmony with
teachers rather than as their replacement.

System Architecture Overview of an Al-Powered Exam Preparation Platform
1. Introduction
The rise of artificial intelligence in education has led to the development of intelligent systems capable of
aiding students in last-moment exam preparation with precision, efficiency, and personalization. These
systems are built on complex, modular architectures designed to process educational inputs, extract
meaningful patterns, generate relevant content, and deliver it across accessible platforms. This section
presents an in-depth overview of such an architecture, exploring each functional module, its technological
underpinnings, and its role in the holistic learning experience.

2. Input Layer: Ingestion of Educational Resources

The foundation of any Al-based learning system is its ability to gather and interpret diverse data sources.

2.1 Source Materials

e Past Exam Papers: These help identify trends, frequently tested topics, and question formats.

e Model Question Sets: These are semi-structured representations of potential exam content and serve as
training examples for predictive models.

e Syllabi and Curriculum Guides: Extracted from official university documentation, these form the
backbone of topic prioritization.

e Textbooks and Open Educational Resources (OERs): Used to validate and supplement content for
comprehensive coverage.

2.2 Data Pre-processing

e OCR and Digitization: Scans of handwritten or printed exam papers are digitized using OCR tools like
Tessera.

e Text Cleaning: Noise such as formatting artefacts, irrelevant metadata, or non-educational symbols is
removed.

e Metadata Tagging: Documents are annotated with course codes, department, and semester identifiers for
better classification downstream.

3. Semantic Parser: Contextual Understanding of Educational Texts

Semantic parsing is critical for extracting meaning and context from unstructured academic content.

3.1 NLP Models

e Based on transformer architectures like BERT or GPT, these models are fine-tuned to interpret
educational language.

e Named Entity Recognition (NER): Identifies concepts such as “thermodynamics,” “integration by parts,”
or “Gauss’s Law.”

e Dependency Parsing: Helps understand grammatical structures and logical flow of complex technical
content.

3.2 Context Mapping

e Question Classification: Questions are categorized by type (e.g., definition, derivation, multiple choice)
and cognitive level (Bloom’s Taxonomy).

e Topic Association: The system maps questions to syllabus units or textbook chapters using cosine

similarity or semantic matching.
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3.3 Difficulty Estimation

e Using historical performance data and syntactic complexity, the parser estimates question difficulty,
aiding in the creation of adaptive content.

4. Content Structuring Engine: Modularization and Sequencing

Once core concepts are extracted, the content structuring engine organizes them into usable learning

formats.

4.1 Topic Clustering

e Uses unsupervised learning (e.g., K-means, DBSCAN) to group related concepts.

e Ensures that interrelated ideas (e.g., Kirchhoff’s Laws and circuit analysis) appear in the same module.

4.2 Logical Sequencing

e Modules are ordered based on syllabus flow and prerequisite knowledge.

e Graph-based representations (e.g., knowledge graphs) are used to model dependencies between topics.

4.3 Learning Path Optimization

e Personalized paths are created using learner data such as quiz scores, time spent, and topic revisit
frequency.

¢ Reinforcement learning algorithms recommend optimal progression sequences.

5. Video Generation Engine: Human-Like Lecture Simulation

One of the most innovative aspects of modern Al systems is their ability to deliver content visually and

auditory.

5.1 Avatars and Voice Cloning

e Text-to-Speech (TTS): Uses deep learning models like Tacotron and WaveNet to synthesize natural-
sounding voices.

e Face Animation: Lip-syncing and facial gestures are generated using tools like Synthesia or D-ID to
match the spoken content.

5.2 Content-to-Video Pipeline

¢ Content modules are transformed into video scripts automatically.

e Visuals (e.g., diagrams, equations) are inserted contextually during narration.

¢ Dynamic pacing and emphasis techniques mimic human teaching—pauses, vocal pitch, and visual
highlights are tuned for comprehension.

5.3 Customization Features

e Students can select avatar appearance, voice tone, or even language dialect (e.g., Indian English,
American English).

e This enhances engagement and cultural adaptability of the learning platform.

6. Syllabus Tracking Module: Curriculum Compliance

This module ensures the system remains aligned with academic standards and institutional changes.

6.1 Automatic Curriculum Monitoring

e Web Crawlers: Periodically scan university websites for updated syllabi or guidelines.

e PDF Parsers: Extract and compare document contents to identify changes in course structure or
assessment formats.

6.2 Change Detection Algorithms

e Using diff algorithms or vector similarity, the system flags changes in topics, credit weightage, or

learning outcomes.
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e A change management dashboard allows administrators to verify and approve updates before content
regeneration.

6.3 Real-Time Integration

e When a change is detected and approved, downstream modules (semantic parser, content engine) are
triggered to update affected materials.

e Ensures that students are never studying outdated or deprecated topics.

7. Adaptive Assessment and Feedback Loop

Assessment is crucial to reinforce learning and guide both content delivery and learner strategy.

7.1 Quiz Generator

¢ Question Bank Synthesis: New MCQs, short answers, or numerical problems are generated using LLMs
fine-tuned on domain-specific corpora.

e Answer Key Generation: Solutions are provided with step-by-step logic or reasoning for learning
reinforcement.

7.2 Adaptive Difficulty Tuning

e Item Response Theory (IRT) models or Bayesian networks adjust difficulty based on student
performance.

e Enables the system to challenge high-performing students while supporting weaker learners.

7.3 Learning Analytics

e Data from student interaction—clickstreams, scores, session duration—is analyzed to create
individualized feedback.

e Recommender systems suggest revision modules, video replays, or supplementary questions.

8. Delivery Platform: Multi-Channel Learning Interface

The final output of the system reaches students through user-friendly web and mobile applications.

8.1 Platform Architecture

e Built using a micro services framework to handle high concurrency and modular updates.

e TFront-end (React, Flutter) and back-end (Node.js, Python) components are loosely coupled via Restful
APIs.

8.2 Student Dashboard

e Tracks syllabus completion, quiz scores, average retention time, and suggested next topics.

e Includes gasification elements such as streaks, badges, and progress charts.

8.3 Accessibility and Offline Support

e  Supports offline caching of videos and notes for areas with limited internet.

e  WCAG-compliant design for visually impaired users, including screen-reader support and keyboard

navigation.

8.4 Teacher and Admin Portals

e Educators can assign topics, monitor class performance, or override Al recommendations.

¢ Admins can audit content accuracy, approve curriculum changes, and view system analytics.

9. Security and Data Privacy

Given the sensitive nature of student data, robust security is vital.

9.1 Authentication and Access Control

e Oath 2.0 and multi-factor authentication protect user access.

e Role-based access management defines privileges for students, teachers, and administrators.
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9.2 Data Encryption

e All personal data is encrypted at rest and in transit using AES-256 and TLS protocols.

e Compliance with GDPR and India’s Data Protection Bill is ensured through periodic audits.

9.3 Ethical AI Considerations

e Al decisions are logged for transparency (e.g., why a topic was recommended or a question generated).

e Bias detection mechanisms ensure that content remains inclusive and culturally neutral.

Visual Workflow of an AI-Based Exam Preparation System

1. Introduction

Al-based educational platforms are rapidly redefining how students engage with complex academic content,

especially during high-pressure exam seasons. A core component of these platforms is their visual

workflow—a systematic sequence of intelligent processes that transform raw educational data into

structured, digestible, and engaging study material. This section explores each step in the workflow,

detailing how the Al engine processes inputs, generates learning modules, and delivers outputs in a seamless,

user-centric manner.

2. Input Acquisition: Collecting Foundational Educational Materials

The workflow begins with input acquisition, a foundational step involving the collection and organization

of various academic resources. These inputs serve as the raw data for AI-driven processing and synthesis.

2.1 Types of Inputs

e Previous Examination Papers: These documents provide insight into question trends, frequently tested
areas, and variations in difficulty across semesters.

e Course Syllabi and Learning Outcomes: University syllabi offer a formal blueprint of course
expectations, learning goals, and assessment formats.

e Reference Textbooks and Study Guides: Authoritative resources ensure the generated content is
academically sound and factually accurate.

e Model Question Banks: Often used to train the Al models on patterns and expected answer formats.

2.2 Collection Methods

Inputs are gathered via:

e Web scraping tools and university repositories.

e Digital submissions from educators or students.

e OCR (Optical Character Recognition) for printed or scanned content.

The Al system ensures all inputs are organized by subject, course code, and semester, creating a structured

knowledge base for downstream processing.

3. Parsing and Pre-processing: Extracting Structure from Unstructured Data

Once data is acquired, it undergoes parsing and pre-processing—a critical phase where natural language

processing (NLP) algorithms are deployed to analyse and convert unstructured text into structured,

machine-readable components.

3.1 Natural Language Processing (NLP) Modules

Advanced NLP techniques—based on transformer architectures such as BERT or RoBERTa—perform the

following:

e Tokenization and Lemmatization: Break down sentences into root words for consistent interpretation.

e Named Entity Recognition (NER): Identify academic concepts, theories, laws, and formulae.

e Semantic Role Labeling: Understand how entities relate within a sentence to interpret meaning

correctly.
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3.2 Pre-processing Tasks

¢ Noise Removal: Eliminates irrelevant symbols, headers, footers, and formatting inconsistencies.

e Contextual Tagging: Annotates sentences or questions with metadata such as subject domain, cognitive
level, and question type (e.g., descriptive, numerical, objective).

e Topic Extraction: Uses vector similarity or topic modeling (e.g., Latent Dirichlet Allocation) to map
extracted content to syllabus-defined themes.

This stage ensures that every piece of content is accurately understood and ready for conversion into

meaningful learning units.

4. Module Generation: Creating Strategic Study Packs

The next stage in the workflow involves synthesizing extracted content into coherent study modules that

align with students’ learning objectives and exam requirements.

4.1 Question-Answer Pair Generation

Using fine-tuned large language models (LLMs), the system:

e Identifies high-priority questions from previous papers and syllabi.

e Generates model answers based on textbook content and academic best practices.

e Tags answers with estimated marks, difficulty levels, and time to solve.

4.2 Topic Grouping and Modularization

Key concepts and questions are grouped into themed modules such as:

¢ “Fundamentals of Thermodynamics”

e “Numerical Techniques in Signal Processing”

e “Design Principles of Algorithms”

Modules include:

e Concise Summaries

e Solved Examples

e FAQs and Conceptual Quizzes

4.3 Strategic Packaging

Each subject's content is designed to fit within a 5-hour strategic study pack, broken into short 20-30

minute sessions. This format supports focused, time-efficient revision, crucial for last-moment preparation.

5. AI-Based Video Synthesis: Generating Engaging Lecture Content

A hallmark of modern AI education systems is their ability to produce video lectures that simulate real

classroom instruction.

5.1 Generative Script Writing

From each module, the system automatically generates a lecture script. This includes:

e Key definitions and derivations.

e Conceptual explanations with real-world analogies.

e Instructional cues for diagrams or graphs.

Scripts are optimized for pacing, clarity, and pedagogical value.

5.2 Voice Cloning and Avatar Rendering

e Voice Synthesis: Deep learning models such as Wave Net or Taciturn synthesize realistic narration in
multiple voices and accents.

e Facial Animation: Avatar systems like Synthesis or D-ID simulate facial expressions, lip-sync, and

gestures, enhancing engagement and reliability.
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5.3 Multimedia Integration

¢ Dynamic whiteboard illustrations.

e Animated problem-solving steps.

e Highlighted text and callouts for key takeaways.

These video lectures mimic live teaching and are highly beneficial for auditory and visual learners,

especially when reviewing complex or abstract topics.

6. Syllabus Alignment and Final Output Delivery

Before final deployment, the system conducts a final syllabus alignment and delivers content through

student-friendly platforms.

6.1 Curriculum Mapping

e Cross-references modules with the latest curriculum documents.

e Uses differential analysis to detect missing or outdated topics.

e Automatically regenerates content when academic changes are detected (e.g., new chapters added, exam
format updated).

6.2 Quality Control

e Human reviewers or Al validators assess:

e Factual accuracy

e Relevance to syllabus

e (larity of explanations

Content is then approved for delivery and marked as syllabus-aligned.

6.3 Platform Integration

The final output is made available via:

e Web-based Portals: With dashboards, bookmarks, search features, and progress tracking.

e Mobile Applications: Optimized for offline access, push notifications, and bite-sized revision on-the-go.

e LMS Integration: For use within institutional learning management systems. Students can interact with
modules, take quizzes, view videos, and track their learning progression through gasified elements such
as badges and leaderboards.

Challenges and Limitations of AI-Driven Exam Preparation Systems

1. Introduction

Al-driven exam preparation tools represent a transformative advancement in the educational technology

space. These systems combine the power of machine learning, natural language processing, and generative

models to offer personalized, scalable, and efficient learning solutions. Despite their promise, these tools are

not without limitations. Challenges emerge at various levels—technical, pedagogical, ethical, and

infrastructural—that impact the effectiveness and inclusivity of these systems. This section explores these

challenges in depth, offering a critical assessment of the current limitations facing Al in education.

2. Voice Cloning Accuracy and Emotional Resonance

One of the hallmarks of advanced Al learning platforms is the use of voice synthesis and avatar-based video

lectures. These systems rely on text-to-speech (TTS) models and voice cloning technologies such as Wave

Net or Taction to deliver lectures that mimic human speech. However, achieving high fidelity in emotional

delivery and intonation remains a significant challenge.

2.1 Lack of Human-Like Nuance

While AI can generate grammatically and phonetically correct speech, it often lacks:

e Emotional variance (e.g., rising tone for emphasis, softer tone for empathy).
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e Contextual stress on key academic terms.

e Adaptive pacing based on the difficulty or importance of content.

This affects user engagement, especially for students who rely on vocal cues for deeper understanding.

2.2 Pedagogical Impacts

Human lecturers intuitively adjust their tone to match the cognitive load of a topic, use pauses strategically,

and offer spontaneous clarifications based on audience reactions. Al lacks this dynamic adaptability, which

can make lectures feel monotonous or robotic.

3. Dynamic Syllabus Alignment and Update Lag

Educational syllabi are dynamic; universities periodically revise course content, introduce new chapters, or

modify examination formats. Al systems must align their generated content with these updates to ensure

relevance.

3.1 The Challenge of Real-Time Tracking

Currently, most systems depend on:

e Manual input of updated syllabi by administrators.

e Periodic crawling of university websites (which may not be structured uniformly). These methods often
lead to delays in detecting syllabus changes.

3.2 Implications for Learners

A misalignment between Al-generated study content and the actual syllabus can result in:

e Wasted study time on outdated or excluded topics.

e Under-preparation for newly introduced content areas.

e Loss of trust in the platform’s reliability.

3.3 Need for Automated Curriculum Intelligence

Building curriculum-aware Al engines that autonomously detect and adapt to academic changes is still in

early stages. Integrating semantic versioning and change detection algorithms can help, but require

institutional cooperation and standardized data formats—currently lacking across most educational systems.

4. Hardware and Computational Limitations

The deployment of Al-driven educational systems often demands substantial computational power,

especially for tasks involving deep learning inference, video rendering, and interactive avatars.

4.1 Resource-Intensive Models

Generative models like GPT, Stable Diffusion (for visual aids), or Taction (for speech synthesis) require:

e High-performance GPUs or TPUs.

e Large memory footprints for contextual retention.

e Continuous server-side processing for personalization.

4.2 Accessibility Barriers

Students using:

e Low-end smartphones or tablets

e Limited internet bandwidth

e Older operating systems

...may experience lag, interface crashes, or poor-quality rendering, severely impacting the learning

experience. This creates a digital divide, wherein only students with access to better technology benefit

from Al-based preparation.

4.3 Mitigation Strategies

To improve inclusivity:
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e Lightweight model variants can be deployed on edge devices.

e Content preloading and offline modes can support students with limited connectivity.

e Server-based rendering with adaptive resolution streaming can enhance accessibility.

5. Subjectivity and Contextual Reasoning Limitations

Al excels at handling objective content—definitions, formulae, factual summaries—but struggles with
subjective domains that require deep interpretation, human empathy, or contextual reasoning.
5.1 Limited Interpretative Ability

Fields such as:

e Literature (analyzing symbolism, character psychology)

e Philosophy (evaluating ethical arguments)

e History (understanding multiple perspectives on events)

...demand critical thinking, cultural awareness, and multi-layered understanding—traits that current Al
models only mimic at a surface level.

5.2 Risk of Oversimplification

In an attempt to standardize or “explain” these complex topics, Al systems may:

e Provide oversimplified interpretations.

e Miss cultural nuances or minority viewpoints.

e Introduce unintentional bias by favoring the most statistically common answer.

5.3 Role of Human Mentors

These domains still benefit significantly from human educators who can:

e Facilitate debate.

e Encourage multiple perspectives.

e Provide empathy-based feedback.

Al can serve as a supplementary tool, but cannot fully replace the human touch in subjective learning
domains.

6. Data Privacy, Content Bias, and Academic Integrity

As Al systems ingest large volumes of academic data, ethical concerns surrounding data use and content
authenticity have come to the forefront.

6.1 Data Privacy Concerns

Many Al platforms:

e Collect behavioral analytics (what students click, how long they view content).

e Store academic performance data.

Without transparent data handling practices, this raises concerns over:

e Student profiling.

e Unauthorized data sharing.

e Violation of digital privacy laws (e.g., GDPR, India's PDP Act).

6.2 Plagiarism and Intellectual Property

If AI systems are trained on:

e Proprietary textbooks.

e Paid academic platforms.

e Faculty-generated notes.

...they risk reproducing copyrighted material without attribution, resulting in legal and academic violations.
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6.3 Mitigating Academic Misuse

e C(lear data consent policies.

e Watermarking generated content.

e Automated plagiarism checks.

e Ethical Al training that excludes proprietary datasets.

These are essential safeguards that must be embedded in the system design.

III. CONCLUSION:

The rapid evolution of artificial intelligence has catalysed a paradigm shift in the realm of academic
preparation, particularly in the context of semester examinations in higher education. Al-driven exam
preparation systems, once considered experimental, have now matured into comprehensive platforms
capable of delivering strategic, efficient, and personalized learning experiences. These systems have
fundamentally redefined how students engage with course materials, prepare for assessments, and manage
academic stress.

At the core of this transformation is the ability of Al to automate the traditionally labour-intensive process
of study material creation. By ingesting and analysing vast volumes of data—including past question papers,
textbooks, syllabi, and instructional materials—AI models can now generate high-quality summaries,
question-answer packs, and explanatory content that aligns precisely with curricular objectives. This process
not only saves students countless hours of manual review but also ensures that their preparation remains
focused and relevant.

One of the most significant contributions of Al in this space is the personalization of the learning journey.
Using user analytics, behaviour tracking, and adaptive feedback loops, modern Al systems can tailor content
delivery to each student’s pace, learning style, and knowledge gaps. Unlike traditional instruction models—
where resources and attention are limited—AI platforms can provide round-the-clock access to educational
content, thus removing barriers related to time, geography, or institutional availability. The result is a
scalable and democratized learning experience that empowers students from diverse backgrounds.
Moreover, the integration of Natural Language Processing (NLP) and generative technologies has made it
possible for these systems to move beyond static content. Today’s Al platforms offer dynamic features such
as voice-cloned lecture videos, avatar-based tutors, auto-generated quizzes, and even predictive models that
forecast potential exam questions. These immersive formats mirror real-life classroom interactions, offering
auditory, visual, and interactive learning aids that enhance retention and engagement. Students can interact
with Al tutors, revisit concepts in multiple formats, and self-assess their understanding—an experience far
superior to conventional rote learning methods.

In addition to student benefits, these systems also alleviate pressure on educators. Faculty members can use
Al to augment their teaching by automating routine tasks like content duration, quiz generation, or doubt
resolution. This frees up time for more meaningful interactions such as conceptual discussions or individual
mentoring, thereby enhancing the overall academic environment.

Nevertheless, the field is not without challenges. Issues related to syllabus updates, voice realism, hardware
constraints, and academic ethics remain critical areas for ongoing innovation. Ensuring equity, inclusivity,
and ethical integrity in the design and deployment of Al-based education platforms will be vital to

sustaining long-term impact.
g long P
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Looking ahead, the trajectory of these systems points toward even more intelligent, context-aware, and
emotionally responsive learning tools. As Al continues to evolve—potentially integrating real-time emotion
recognition, multi-lingual support, and interdisciplinary insights—we can expect next-generation exam
preparation systems to be even more aligned with the cognitive and emotional needs of learners.

In conclusion, Al-driven semester exam preparation systems represent more than just a technological
convenience—they are a leap forward in educational accessibility, personalization, and scalability. As the
global academic landscape becomes increasingly diverse and fast-paced, these tools offer a timely solution to
support learners in navigating complex syllabi, tight timelines, and heightened academic expectations. If
implemented thoughtfully and inclusively, such systems have the potential to significantly enhance learning

outcomes, reduce academic inequality, and redefine the future of education at scale.
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signers) facing a huge communication barrier. The current gap can be
filled by this paper’s proposed real-time sign language recognition and
translation system, which uses deep learning techniques. At its core ,the
system utilizes key techniques such as Convolutional Neural
networks(CNNs) and Recurrent Neural Networks(RNNs)to detect and
classify hand gestures and facial expressions as sign language tokens and
translate them into verbally or textually outputted language with
translation. Special attention is given towards the overall accuracy,
response time, and performance under different real-life settings when
tuned to the different models. This review also examines available datasets
and models alongside other identified gaps and proposes strategies to

enhance them for portable and integrated systems.

I. INTRODUCTION

In Sign language is a form of communication that is visual in nature and enables people with hearing or
speech disabilities to interact with members of their community. As reported by the World Health
Organization, the number of hearing-impaired people recently reached 400 million. Because of this, the
attempts to make communication easier for disabled people have been accelerated. If one looks into the
literature, there is Basic Component Analysis for feature vector extraction in the work of Mahmoud Zaki
and Samir Shaheen from 2011 and they applied Hidden-Markov Model as classifier. [1]
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Utilized for feature extraction and classification [2]. The prevalent communication barrier between sign
language users and others can be mitigated by the real-time sign language recognition and translation
system presented in this paper. Prior efforts include Cao et al. (2015) who employed Microsoft Kinect's
depth comparison for feature vector generation, followed by random forest and Constrained Link Angle
classification [3]. Jin et al. (2016) used Speeded Up Robust Feature (SURF) for extraction with SVM as the

classifier [4]. Pansare et al. (2016) also explored American Sign Language recognition.
II. BACKGROUND

Sign language is a very complex visual language that which uses hand gestures, facial expressions, and body
movements to put forward ideas. Also each area or country has developed its own variety (for instance
American Sign Language (ASL), Indian Sign Language (ISL) and British Sign Language (BSL). Although it is
a very rich and expressive means of communication which also includes elements of art in it, the exchange
between the deaf community and non-signed language users is still a large issue in day to day affairs which
includes health care, education and public services.

Sensor-based devices like motion trackers and data gloves were used in earlier methods of sign language
recognition. Despite their accuracy, these systems are frequently pricy, invasive, and unsuitable for daily use.
Camera-based systems can now recognize sign language in real time thanks to recent developments in deep
learning and computer vision, providing a scalable and non-invasive solution. Convolutional neural
networks (CNNs) and recurrent neural networks (RNNs), in particular, are deep learning models that have
demonstrated remarkable performance in feature extraction, gesture recognition, and temporal sequence
modelling for sign language translation.

Theoretical Classification

The following theoretical dimensions can be used to broadly classify sign language recognition systems.

A. Modality of Input

Sensor-Based: Captures motion and orientation using wearable technology, such as gloves or depth sensors.
Vision-Based: Uses cameras to record video input and processes gestures with computer vision (suitable for
scalable, real-time systems).

B. Degree of Recognition

Isolated Sign Recognition: Identifies individual words or signs without taking into account their order.
Continuous Sign Recognition: Needs temporal modelling to interpret entire sentences by comprehending a
series of signs.

C. Method of Learning

Conventional Machine Learning: Employs classifiers (e.g., SVM, HMM) with manually created features. Less
scalable and flexible

Deep Learning:

CNNs: To extract spatial features from pictures or video clips.

To model temporal dependencies in sign sequences, use RNNs, LSTMs, or GRUs.

Transformers: More recent methods improve sequence translation by utilizing attention mechanisms.

D. Mode of Output

Translating known signs into written language is known as text-based translation.

Speech Output: Uses text-to-speech (TTS) systems to translate recognized signs into spoken words.

E. Capability in Real-Time Processing previously recorded videos is known as offline recognition.
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Real-Time Recognition: Suitable for live conversations, this feature processes live input with little latency.
INI.METHODOLOGY
While accurate, earlier sign language recognition systems often proved expensive, intrusive, and impractical

for everyday application. However, recent advancements in deep learning and computer vision have

enabled real-time, camera-based sign language recognition, offering a scalable solution.
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Fig. 1. The flowchant of proposed method

A. Neural Network with Convolutions

Classifier structures in recognition systems often adhere to morphological and image processing process
units. Deep learning techniques have made it feasible to classify with good performance with the fewest
possible image and morphological processing steps. This study uses Python's Tensor flow and Keras modules
to implement a convolutional neural network as a fine classifier. These libraries operate effectively on
strong, contemporary GPUs (Graphics Processing Units), which enable significantly quicker training and
computing. CNN-based classifications and studies have gained a lot of popularity recently and have shown
great performance in fields like image recognition and categorization. The activation function is Rectified
Linear Unit (Re Lu) [11].

B. Training Classifier

Convolutional Neural Network (CNN) model was developed, comprising an input layer, two 2D convolution
layers, a pooling layer, a flattening layer, and two dense layers, as illustrated in Fig. 2. The dataset used for

training consisted of 25 cropped images of each hand gesture, totalling 900 images loaded into the program
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as arrays. Each image was then resized to 28 \times 28 pixels and converted to rescale. Using the Sickie-
Learn library, the image array was randomly shuffled. This shuffling was performed to divide the array into
training and testing subsets. Following this splitting, a sequential model was created and a fitting process
initiated. The training process spanned 10 iterations, with a batch size of 120 and an epoch count of 30.
Batch size refers to the number of images loaded in each iteration, while epoch number represents the total
training cycles for all images loaded into the neural network. A soft max-based loss function, as described in
equations (1) and (2), was utilized. Here, N denotes the total number of training samples, and C represents
the total number of classes. This function takes a feature vector z for a given training example and
compresses its values into a vector of [0,1] valued real numbers that sum to 1. Equation (1) calculates the

mean loss for each training example,, to generate the overall soft max loss.
IV.COMPARATIVE ANALYSIS

4.1 Strengths Across Studies

Many recent studies in real-time sign language recognition and translation leverage the power of deep

learning, notably CNNs, RNNs, and Transformer-based architectures. A key strength is the adoption of large

and diverse datasets such as RWTH-PHOENIX-Weather or ASL100, which improve model generalization.

Additionally, models like Media Pipe + CNN (Study A) and 3D CNN + LSTM (Study C) show impressive

accuracy in controlled settings, often surpassing 90% for static signs. Some studies incorporate real-time

feedback loops or gesture smoothing, which enhances user interaction.

4.2 Weaknesses and Limitations

Despite advancements, problems still exist. The strong dependence on controlled conditions, such as

background, illumination, and signer placement, is a typical drawback that limits real-world use. Dynamic

or continuous signs, particularly those involving articulation or finger spelling, are difficult for many

systems (e.g., Study B, D). The imbalance of the dataset is another flaw; some indications are

overrepresented, which skews results. Furthermore, real-time latency, a crucial criterion for real-world

deployment, is not explicitly benchmarked in certain research.

4.3 Performance and Outcome Comparisons

The accuracy of static sign identification is regularly greater (up to 98%) than that of dynamic, real-time

sequences (usually 75-85%). Skeletal tracking systems, such Open Pose or Media Pipe in Study A, perform

faster and more robustly than raw RGB-based models, but they could miss minute finger motions. Because

transformer-based models (Study E) are better at capturing temporal dependencies than LSTM-based models,

they have demonstrated promise in translation quality. They might, however, lag in real-time processing

and demand more computing power.

4.4 Emerging Trends

The field is being shaped by several trends:

e Multimodal methods that integrate skeletal, depth, and video data.

e Apply knowledge gained from general gesture recognition exercises.

e Real-time translation on mobile or embedded devices is supported by edge computing and lightweight
models (such as Mobile Net versions).

e Attention-based models for better temporal-spatial comprehension (Transformers, Vision Transformers).

e Better sign-to-text or sign-to-speech translation through deeper integration with NLP.
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4.5 Inconsistencies and Gaps

Global application is limited due to a significant disparity in performance evaluation between various sign
languages (e.g., ASL vs. BSL vs. ISL). Few models are good at generalizing across languages or dialects, while
many are specialized to a single language or dataset. Furthermore, direct comparison is challenging because
to discrepancies in evaluation metrics (e.g., accuracy vs. WER vs. BLEU scores). There is inconsistency in
real-time latency reporting; some studies report FPS, while others completely ignore delay. Furthermore,
many models still need to be retrained or adjusted when tested on unseen users, indicating that signer

independence is still a significant difficulty.

V. OPEN CHALLENGES AND FUTURE DIRECTIONS

5.1 Unsolved Problems

1. Generalization and Signer Independence

Variability in hand forms, motion speeds, and signing styles across users is a common problem for current
systems. Models have a tendency to overfit to signer training, which restricts their applicability in multi-
user, real-world settings.

2. Constant and Dynamic Recognition of Signs

Continuous or sentence-level sign recognition is still a significant challenge, despite the great accuracy of
static sign recognition. Finger spelling, sign border recognition, and coarticulation—the merging of signs—
introduce complexity that is difficult for existing models to handle.

3. Performance and Latency in Real Time

When used on edge devices like smartphones or AR glasses, many deep learning models have good accuracy
but poor inference speed. The trade-off between speed and model complexity is still up for debate.

5.2 Prospects for the Future

1. Creation of Cross-Lingual and Universal Models

Multilingual sign language recognition systems that can adjust to various languages or dialects should be the
goal of future research, perhaps with the use of cross-lingual transfer learning or meta-learning strategies.

2. On-Device Deployment and Low Weight

More useful, approachable solutions will be made possible by optimizing models for real-time use on mobile
or wearable devices through model pruning, quantization, or efficient topologies (e.g., Mobile Net, Efficient
Net).

3. Sensor Fusion and Multimodal Education Robustness and accuracy can increased by combining RGB
video with wearable sensors, EMG signals, skeletal tracking, or depth data, particularly in noisy or dimly lit

surroundings.

VL.RESULTS

The CNN network in the suggested system was trained using the dataset gathered in 2011 by Massey
University's Institute of Information and Mathematical Sciences [14]. The dataset consists of 900 images,
with 25 samples for each of the 36 characters—26 letters and 10 numerals. Twenty precent of these images
served as test data, and the remaining eighty precent served as training data. Every time, test data were

chosen at random. In 20 training epochs, the CNN network has reached its peak test performance. Table I
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presents the results of tests that were conducted five times at random. Fig. 3 shows the fluctuation of test
and training achievements in each period.

The suggested system is configured to function in real-time once network training is finished. Ten tests have
been conducted on each of the 36 characters for real-time system control. Consequently, the real-time
system obtained a test performance of 98.05%. The outcomes of real-time system tests conducted for every

character are displayed in Table II. The false decision symbol for false results is enclosed in parenthesis.

TABLE L THE RESULTS OF TESTS (%) PERFORMED RANDOMLY §
TIMES,

Test 1 | Test 2 | Test 3 | Test 4 | Test 5
W4 | 9 100 99.44 98.89
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Fig. 3. Training loss and accuracy on American Sign Language

TABLE IL THE RESULTS OF REAL-TIME SYSTEM TESTS PERFORMED
FOR EACH CHARACTER.

Character | True Result | False Result | Accuracy(%)
0 10 - 100
1 9 1 (Z) 90
2 9 1(V) 90
3 10 - 100
4 10 - 100
5 10 - 100
6 10 - 100
7 10 - 100
5 10 - 100
9 10 - 100
A 10 - 100
B 10 - 100
(o) 10 - 100
D 10 - 100
E 10 - 100
F 10 - 100
G 10 - 100
H 10 - 100
1 10 - 100
J 10 - 100
K 10 - 100
L 10 - 100
M 9 T(N) 90
N 9 1 (M) 90
O 10 - 100
P 10 - 100
Q 10 - 100
R 10 - 100
S 9 1(h
T 10 - 100
U 10 - 100
\ 9 1(2) 90
Y 10 - 100
X 10 - 100
Y 10 - 100
Z 9 1(1) 90
TOTAL 355 5 98.05
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VIL CONCLUSION

In order to give the deaf and hard of hearing advanced help, sign language production is applied to the
interpreter's key. It bridges the gap between hearing individuals and sign language users by utilizing digital
technology, machine learning, and natural language processing. More specifically, the correctness and
fluency evaluation in real-time text will be made possible by the integration of recurrent neural networks
for sequence prediction and convolutional neural networks for gesture recognition. Using the pre-training
paradigm, CVZ Handshake seeks to maximize flying performance and achieve the best outcomes. Webcam
image acquisition is handled by Open CV, which analyse the images in frames in real time. Multiple frames
can be handled in real time by the system. They let the system to process up to one overall frame every
second, allowing for highly accurate and fluid gesture recognition. In addition to implementing the cv zone
Hand Detector module, real-time processing that maximizes image detection through the use of the Open
CV library can improve system performance. Additionally, edge computing and fine-tuning the CNN model
with a larger and more varied dataset can increase accuracy. Furthermore, because learning algorithms learn
from the newly collected data, they will adaptively make the system continually better. Techniques like

hand segmentation and backdrop filtering can be used into the project to advance the use of computer vision.
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ARTICLEINFO ABSTRACT
Article History: With how volatile crypto currencies are, making an accurate price
Published : 30 May 2025 prediction is difficult. This project applies deep learning methods based on
historical data, especially using LSTM neural networks, to model and
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I. INTRODUCTION

In Crypto currencies have emerged as new revolutionary digital assets which allow secure and decentralized
transactions all over the world. Regardless, Bit coin and Ethereal together with many Alt coins have
captured the attention of investors and the masses. However, the decentralized structure of those digital
currencies along with a lack of jurisdiction, in addition, make these currencies highly susceptible to market
sentiment, renders the prices of crypto currencies volatile and exceedingly difficult to predict.

The majority of the standard statistical and machine learning techniques fail to predict the Volatile price
movements of crypto currency due to its complex nature and entangled temporaldependencies.Ti
m e series forecasting has increasingly benefitted from deep learning, and in particular from Long Short-
Term Memory (LSTM) networks, as they can now increasingly perform on those tasks. Sequential
information can be learned by those models and hidden patterns can be exposed which makes them
appropriate forpredictingthepricesofcrypto currencies.

In this research project, we aim to apply LSTM deep learning modelstoforecastthepriceofcrypto

currencies. The goal is to create a more accurate and dependable forecasting system by training on historical
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data and evaluating performance with setevaluationmetrics,thereby enhancing decision-
making for investors and traders in the rapidly changing crypto markets.

Therapidgrowth ofcrypto currencies has significantly impacted the global financial system. Digital
currencies like Bit coin, Ethereal, and many others are no longer used solely for transactions—they’ve also
become popular investment options. Their decentralized structure, freedom from traditional banking
control, and potential for high returns have drawn the attention of investors worldwide. However, the
crypto market is extremely volatile. Prices can swing dramatically in a short period due to market sentiment,

news events, and speculation, making accurate price prediction.

II. LITERATURE REVIEW:

1. Traditional Statistical Methods

Earlyfinancialforecastin gtechniques used models like ARIMA and Exponential Smoothing,
which assume linear trends and stationary data. However, studies like McNally et al. (2018) reveal that these
models are ineffective in capturing the complex, non-linear nature of crypto currency prices.

2. Machine Learning Techniques

As data complexity increased, researchers shifted to machine learning models such as Random Forest, S
VM,and GradientBoosting. Patel etal. (2015)demonstratedthe superior performance
of these models in predicting financial markets due to their capability to handle feature interactions and
non-linearity.

3. Deep Learning Models

RNN-based models, especially LSTMs, became prominent in time- series forecasting due to their ability to
retain information over long sequences. Jiang and Liang (2017) showedthatLSTMmodels
outperformed ARIMA and SVM in Bit coin price prediction, due to their capacity to model non-linear
dependencies.

4. Hybrid Models

Some researchers combined various models for better accuracy. Kim et al. (2020), for example, integrated
LSTM with wavelet transforms to remove noise, leading to improved forecasting. These hybrid models are
particularly useful in volatile markets like crypto, where multiple external factors influence prices.

5. Sentiment Analysis and External Data

Studies like Ameer and Nehal (2020) incorporated sentiment data from platforms like Twitter to enhance
predictions. They found that market sentiment often precedes price changes, highlighting the importance of
combining social signals with pricing data.

6. Prediction Challenges

Despite advancements, challenges remain due to high price volatility, limited historical data, and the
influence of external and often non- quantifiable events. Over fitting, especially in deep models, and
inconsistent data quality also hinder model reliability.

7. Summary of Findings

LSTM:s consistently outperform traditional techniques in time- dependent predictions.

Random Forest and ensemble approaches handle noisy, nonlinear data well.

Integrating sentiment and hybrid models enhances forecasting.
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III. DIAGRAM:
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Predict future Cryptocurrencies
Compare predicions ws

Metrics: MAE, RMSE, MAPE
Visualize predicted vs. actuat

Step 1: Data Collection Fetch historical crypto currency data (e.g., Bit coin) including: Date, Open, High,
Low,Close, Volum e Optionally, collect sentiment data (e.g., Twitter, Reedit) for external influence.
Step 2: Data Pre-processing Convert date-time to proper format. Sort data in chronological order. Normalize
features using Min Max Scalar (range [0,1]). Create time- series sequences (e.g.,60days—nextday
prediction). Split data into training and testing sets.

Step 3: LSTM Model Architecture Input Layer: Shape (time steps, features) LSTM Layer(s): Capture temporal
dependencies Dense Layer: Output next price value Compile modelwithloss="mean_squared_error'
and optimizer= Adam

Step 4: Model Training Train the model on training data for X epochs Validate with test data Track loss and

adjust hyper parameters (like number of layers, neurons, epochs)
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Step 5: Price Prediction Use trained model to forecast future cost Normalized values are inversely
transformed to the actual price scale. Compare forecasted and actual prices.

Step 6: Assessment Assess accuracy by using: MAE, Mean Absolute Percentage Error (MAPE)
IV. ALGORITHMS:

1. Linear Regression Type: Regression Supervised Machine Learning Use Case: Baseline model to
comprehend price-feature linear relationships.
Synopsis: By fitting a linear equation, linear regression models the relationship between one or more
independent variables (such as past prices or volume) and a dependent variable (such as the future price).
I t makes the assumption that the price change follows a straight line as a function of the input variables.
2. The Random Forest Regress or Type: Tree- based Regression Ensemble Learning
Use Case: Identifies intricate, non- linear data patterns.
Random Forest is an ensemble technique that averages the outputs of several decision trees constructed
on arbitrary subsets of the dataset. It improves prediction accuracy and decreases over fitting.
3. Recurrent Neural Network (RNN)
Long Short-Term Memory (LSTM) Neural Network Type: Deep
Learning Use Case: Developed for sequence modelling and time-series prediction
A specialized RNN architecture called LSTM can identify long-term dependencies in sequential data.

Because historical prices and trends impact future values, it is perfect for crypto currency prediction.

WorkflowDiagramofth e Algorithm Implementation Performance Evaluation

Wemeasuredthemod el performances using the following metrics:

Algorithm MAE |RMSE |MAPE (%)
Linear Regression 135.6 [170.2 6.85
Random Forest 94.8 120.3 4.23
LSTM 62.1 85.4 2.98

The LSTM model's performance as training data sizes increased, we also plotted the learning curve.

RQ: How well do various algorithms predict the future values of crypto currencies like Ethereal and Bit coin?
The best performance is achieved by LSTM because of its design for sequential and time- dependent

prediction, which makes it perfect for this application, according to the data and evaluation.

Challenges and future: Restricted Historical Information Since crypto currencies are still in their infancy,

there may not be as much historical data available to train models on as there is for traditional financial

markets. This restriction may reduce the accuracy of forecasts.

Absence of Regulation

Manycryptocurrenciesar e unregulated, which can complicate prediction models by making
their prices more vulnerable to news, manipulation, and other outside influences.

An analysis of market sentiment Understanding how sentiment— found in news stories, social media posts,
etc.—affects crypto currency prices can be challenging. Extracting meaningful sentiment from massive

amounts of data is a challenging task that requires advanced natural language processing.
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Opver fitting of the Model:

Over fitting the data is a constant risk with intricate models like neural networks, particularly when
working with smaller datasets. Over fitting produces poor performance on unseen data but high accuracy on
training data.

Selection of Features:

It can be difficult to choose pertinent indicators without adding noise, as f financial indicators, market
sentiment, and macroeconomic factors all play a part.

Outside Factors:

Externalfactorslikelaws,technological advancements, and geopolitical events have a big impact
on crypto currencies. Including these in conventional predictivemodelscanb e challenging.
AlandDeepLearnin gIntegration:

More sophisticated Al methods, such as reinforcement learning, can be incorporated into future models to
help trading strategies become more optimized over time. By taking time-series patterns into account,
models such as LSTMs (Long Short- Term Memory networks) can enhance predictions.

Increasing Sentiment Analysis Use:

By better comprehending news articles, public sentiment, and social media trends, more advanced
sentiment analysis techniques (suchasdeep learning for textclassification)canenha
n c e predictions.

Integration of Block chain Data:

Real-time insights into market movements may be possible by using block chain data itself, such as
transaction volume and address activity. Transparency provided by blockchaincanhelpwith
forecasting.

Models that are hybrid:

Combining different machine learning algorithms (e.g., ensemble methods, neural networks with decision
trees) may produce more accurate predictions by leveraging the benefits of each technique.

More Sources of Data:

Prediction accuracy may be increased by incorporating a greater range of data sources, including exchange
data, global economic indicators, and real-time market sentiment. The model will be more adaptable to
changes in the market if real-time data is retrieved from various sources using APIs.

Interpretability of the Model:

One area that requires improvement in the future is model transparency.

Creating models that not only predict but also explain theirdecisionswillbehelpful, particularly
for investors who wish to understand the rationale behind price swings.

Regulation-Related Considerations:

Predictive models that incorporate legal frameworks and regulatory news may become an essential part of

forecasting as crypto currency regulation changes.
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detection and grading using the FGADR dataset is introduced. The new
architecture encompasses handling data imbalance through techniques
such as Fl-score optimization, data augmentation, class weights, label
smoothing, and focal loss and training with Adam W optimizer. Extensive
experiments prove that the developed ViT model performs better than
traditional CNN models (ResNet50, InceptionV3, VGG19) with better
performance measure like Fl-score 0.825 and AUC 0.964. The research
proves the effectiveness of ViTs in medical image analysis as a scalable and
precise tool for DR assessment.

Keywords: Deep Learning, Vision Transformer, Diabetic Retinopathy,

Machine Learning, Disease Diagnosis

I. INTRODUCTION

In Diabetic Retinopathy (DR) is a serious eye condition due to chronic diabetes, causing vision loss and even
blindness if early diagnosis is missed. Conventional screening is based on human reading by
ophthalmologists of fundus retinal images, which is time-consuming, prone to inconsistency, and non-
scalable. To address the above shortcomings, recent developments in machine learning (ML) and deep
learning make it possible to design high-accuracy, high-efficiency automated diagnostic platforms. This
paper proposes a better way of DR evaluation using a Machine Learning Vision Transformer (ML-ViT)
natural model. Vision Transformers (ViT), originally developed for image classification, have shown good
potential for medical imaging purposes as they can extract global context and local visual information. Our
approach, by the combination of ML and the ViT model, aims to improve the DR classification accuracy at

all levels of severity. The proposed ML-ViT-based model here is trained over labelled fundus image datasets
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so that it can automatically detect and grade the stages of diabetic retinopathy. Not only does the improved
architecture improve the classification precision but it also minimizes the computational load normally
faced in CNNs. The technique has the potential to aid in mass screening and early detection, thereby
contributing towards improved healthcare efficiency and improved patient results.

The Vision Transformer (ViT) is the algorithm of choice, which employs the transformer architecture to
ingest images by dividing them into patches and leveraging self-attention operations. This allows the model
to capture both local and global features of the retina and work extremely well in detecting intricate and
subtle patterns of DR. To assist and compare ViT's performance, traditional Convolutional Neural Networks
(CNNs) such as Reset, InceptionV3, or Efficient Net can also be employed. These models work optimally to
capture local features and predominantly used to analyse medical images.

In addition, transfer learning is utilized through fine-tuning pre-trained ViT and CNNs on domain-specific
data such as the Cagle Eyepieces dataset. It saves training time and improves the performance of the model,
especially when using limited medical data. Additional improvement in model generalization is achieved
using data augmentation techniques such as rotation, flipping, and brightness adjustment to artificially
increase the dataset. Pre-processed through pre-processing operations like resizing, normalization, and
contrast adjustment (e.g., CLAHE) to reveal more features before training, retinal images are The complete
pipeline can also include classical classifiers like Support Vector Machines (SVM) or K-Nearest Neighbours
(KNN) for comparison, utilizing features obtained from deep learning models. Techniques like Grad-CAM
are also utilized to create attention maps, which give visual explanations of where the model attends to

during prediction. This integration of ViT, CNNs, pre-processing, and interpretability methods provides a

strong and accurate system for automated Diabetic Retinopathy detection.

Normal Retinal Diabetic Retinal
FIGURE 1. Examples of diabetic retinopathy retina. The left image is a normal retina, and right is a DR-4

retina.
II. LITERATURE SURVEY

The prevalence of diabetes has risen enormously worldwide in recent years, with evidence stating that the
increase from 9.3% (463 million) in 2019 to 10.2% (578 million) by VOLUME XX, 2017 2030 and 10.9%
(700 million)by 2045 [1]. Related medical costs also increased by 316% in the past 15 years to a whopping
966 billion dollars [2]. Diabetes is a common reason for numerous debilitating diseases such as blindness,
heart attacks, and kidney disease [3]. It strikes about 30 to 40% of diabetic patients worldwide and affects
more than 100 million DR individuals [6]. It becomes more frequent in diabetic patients with more than 20

years of diabetes and occurs in 80% of them, and causes 12% of new blind cases, and one of the leading
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causes of vision loss and blindness among 20 to 74 years-old individuals [7].By 2040, IDF Diabetes Atlas
predicts that one third of diabetic patients will have DR [8]. DR patients will be growing from 126.6 million
in 2010 to 191.0 million in 2030 globally, and vision-threatening DR patients will increase if a proper action
is not taken [9]. WHO estimates DR to cause 4.8% of cases of blindness globally [10]. For preventing DR
complications, early detection of the disease is extremely crucial so that the patient's vision can be
conserved efficiently [11]. The physicians currently analyse the fundus photographs of the eyes by hand to
determine the severity of DR. These diagnostic procedures, however, are laborious, error-prone, time-
consuming, and costly [12]. Further, due to the fact that it requires a lot of time of already busy physicians,
the majority of patients do not get timely medical attention, thereby leading to the development of an
advanced stage of DR to most cases. Therefore, this is an emergent issue to resolve with a machine-based,
precise, economical, and accessible approach for early detection and disease staging [13].Deep learning (DL)
and machine learning (ML) techniques have been used to solve this eye condition largely based on the
fundus images visually recording the ophthalmic status of one's retina at present. The typical process in DR
diagnosis is retinal blood vessel segmentation, lesion segmentation, and DR classification. This classification
task is introduced mainly as a binary classification problem (i.e., DR or normal retina) also known as DR
detection. The stage grading of DR is to label the infected areas and determine the types of infection: mild,
moderate, or severe. This is typically introduced as a multiclass classification problem [14]. Grounded in ML
models, various studies have been conducted for DR classification and grading. In [15], authors have
proposed the so-called "tetragonal local octa pattern (T-LOP) features’, a new feature representation of
fundus images. Gayathri et al., [16] employed support vector machine, random forest, and decision tree

for DR grading, and Washburn [17] applied Gabor wavelet method with AdaBoost classifier for DR grading.
Selvachandran et al., have also recently presented a comprehensive review on DR detection techniques.

DL possesses more advanced architecture such as convolutional neural networks (CNNs) that can extract
images' deep and spatial features automatically [18].No explicit feature extraction and feature selection
phase is needed with DL algorithms because the techniques can be trained to learn deep representations of
images. Xu et al. [19] employed a CNN model and Kaggle Eyepieces dataset for classification of retinal
fundus images. Stochastic gradient descent was employed as the optimizer, and data augmentation methods
such as image resizing, rotation, flipping, shearing, and translation were applied to augment the diversity of
the images. The data set was split into training and test sets and comprised 800 and 200 images, respectively.
Kazakh-British et al., [20] employed an anisotropic diffusion filter and a simple CNN model and utilized
them for the classification of DR. Using the same procedure of developing basic DL models, in [21], authors
applied the integration of the CNN models and the Wiener filter and OTSU for segmentation and applied
them to carry out binary classification for DR detection. Transfer learning has been applied to make use of
the retrained deep model to improve feature extraction. In [22], Rego applied InceptionV3 for DR detection
from RGB and texture features. Pomade et al., [23] proposed binomial and multinomial classification of
fundus images with MobileNetV2, Saranya et al. [24] implemented Dense Net 121 model for detecting DR
from fundus images, and various architectures of Efficient Net were implemented and tried in [25].Hybrid
models were proposed in some studies by using DL model for feature extraction and regular ML model for
classification. For example, Boral and Throat [26] used InceptionV3 for learning representation and support
vector machine for DR classification. Ensemble models or Hybrid CNN architecture are widely used
techniques to develop accurate and robust classifiers. Jiang et al. [27] proposed an ensemble model for DR
diagnosis. The ensemble utilized three models of CNN. In addition, Ad boost was utilized for robust

Combination of DL models' output with weights acquired through learning. Image pre-processing
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operations were resizing (i.e., 520, 520, 3), rotation, translation, mirroring, contrast, sharpness, and
brightness. Kaushik et al., in [28], developed a stacking ensemble model of three CNN models to predict DR.
Zhang et al.,[29] developed an ensemble of three CNN architectures (i.e., InceptionV3, Exception, and
InceptionResNetV?2) for DR detection and an ensemble of ResNet50 + DenseNet169 + DenseNet201 for DR
grading. This study has taken into account a series of pre-process steps to enhance the image quality.
Contrary to this, Bellemo et al., [30] suggested an ensemble of VGGNet + ResNet, and Xie et al., [31]
suggested an ensemble of VGGNet + ResNet + DenseNet for DR grading without carrying out any pre-
processing procedures.

DR is graded into five grades based on the International Clinical Diabetic Retinopathy (ICDR) scale [32]: no
retinopathy is visible, mild no proliferative diabetic retinopathy (NPDR), moderate NPDR, severe NPDR,
and proliferative DR (PDR) [33]. Figure 1 presents visual examples of comparison between the normal retina
and retina due to diabetic retinopathy, with an amount of lesions. In [34], basic CNN model has been
studied to grade DR following application of a green channel filter on fundus images. Luo et al., [35]
proposed MVDRNet using a VGG-16 model and attention mechanisms. The research used a dataset of
multi-view fundus images. Araujo et al, [36] proposed a CNN model cased GRADUATE. It was a
uncertainty-aware DL model that could give a pathologically explainable description to rationalize its
judgments. Gayathri et al., proposed hybrid multipath CNN model for DR grading and integrate the features
extractor with three different ML classifiers such as random forest, SVM, and J48. Shaik and Cherukuri [37]
proposed "Hinge Attention Network (HA-Net)" incorporating VGG-16 as spatial representation learner and
multi-stage attentions for DR severity grading. Li et al. [38] proposed a semi-supervised auto-encoder graph
network (SAGN) wherein auto encoder was utilized to learn features, radial bases function was utilized to

estimate correlations among neighbours, and graph CNN was utilized to classify DR. Wang et al. [39]

III. MATERIALS AND METHODS

I. Data Description

Quality and availability of training data represent major barriers to building DR computer-aided diagnosis
systems. While some public DR databases are available, none of them have pixel-level lesion masks as
detailed annotations but image-level labels only, and they might be unreliable. In order to address such
shortcomings, you would require datasets containing pixel-level lesion masks and image-level severity
grading. Out of the available datasets, only the fine-grained annotated diabetic retinopathy FGADR and
IDRiD datasets possess them. Though possessing just 81 lesion images segmented, the IDRiD dataset lacks an
adequate dataset with our required purpose. Therefore, the FGADR dataset of six segmented lesions in 1,842
images is considered most suitable. Pixel-level lesion annotation and image-level grading labels constitute
the FGADR dataset.

A. Proposed ViT Frameworks

Here, we present the envisioned ViT architecture to grade DR. The envisioned architecture consists of the
four important steps of (1) image augmentation, (2) image normalization, (3) splitting data, (4) balancing

data, and (5) training and validation of the ViT model..
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B. Performance Evaluation

Four default measures were employed to assess the obtained classifiers such as accuracy, balanced accuracy,
specificity, precision, recall, AUC, and F1-score, with TP as the true positive, TN as the true negative, FP as
the false positive, FN as the false negative, and TPR (true positive rate) = TP/(TP+FN)

TP+ TN
TP + TN + FP + FN

Accuracy =

Precision = TP/(TP + FP)

TP
Recall = ——
TP + FN
2 * Precision = Recall
F1 — Score = —
Precision + Recall
TN
Specificity (true negative rate) = ———
P ty( g ) TN + FP
IFK+ 1 1INK
Balanced accuracy = —
TP I'N
AUC

=2+ (TP+FN) 2+ (FP £ TN)
IV. FURTHER WORKS TO BE CARRIED OUT

1. Integration of Clinical Metadata: Integrate patient data (e.g., age, blood glucose, diabetes duration)

with image characteristics to improve diagnostic accuracy.
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2. Explainable AI Deployment: Incorporate attention visualization tools (e.g., Grad-CAM, Attention
Rollout) in a way to provide explainable responses and create clinician trust.
3.  Edge and Mobile Deployment: Deploy the ViT model in light, real-time mode on edge or mobile

devices to facilitate remote screening in remote areas.

4. Cross-Dataset Validation: Test the generalizability of the model by cross-validation on datasets such as
Messidor, DDR, and EyePACS.
5. Multi-Disease Detection Ability: Extend the model for detection of additional retinal diseases such as

glaucoma and age-related macular degeneration (AMD) to develop a comprehensive retinal test

system.
V. RESULT AND DISCUSSION

True class, label smoothing provides a smoothed label value in the range between 0 and 1. This allows the

model to learn more stable and generalizable representations. Different values of label smoothing were tried.

60

True Label

- 20

- 10

0 1 2
Predicted Label

Figure §: Confusion matrix of proposed ViT model witl
finetuned class weights on the test dataset.

When label smoothing was used with a value of 0.1, the best F1-score achieved in this experiment was 0.738.
This was less than the best score achieved in experiment 1, where label smoothing was used with a value of
0.2. Other experiments conducted before this experiment did not do better than the best score achieved in
experiment 1, where F1 score was 0.804. Therefore, in other experiments, other techniques were used to
counter class imbalance in the FGADR dataset, as illustrated in Table 1. This class imbalance is not desirable
during training since the model can be biased towards the majority classes and have difficulties in making
accurate predictions of the minority classes. Additionally, we modified the training process with the
objective of maximizing validation sets' F1 score, instead of minimizing validation loss in other experiments.

A.Experiment 3: Class weight to balance the dataset Class weighting is one of the methods to handle class
imbalance. Class weights provide different weights to each class depending upon their frequency in the
dataset. By giving more weights to the minority class and less weights to the majority class, the model is

motivated to focus more on the minority class during training, thereby reducing the effect of gla
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imbalance. Manual weights were attempted first that assign each class a weight value in between 1 and 2.
The best performance was obtained by using a manually fine-tuned version of the automatic weights which
obtained F1-score of 0.825 which was better than the best reported performance (i.e., 0.81 F1-Score), as can
be observed from Table 8.

Two manual weight tuning experiments (i.e., class weights of 1 and 2) yielded F1-Scores of 0.783 and 0.765,
respectively. But automatic weights performed better than them.

Automatic weights were found from the count of samples of each class (i.e., 3.64, 1.73, 0.62, 0.57, 1.28) and
performed exactly the same as the manual weights in F1-Score. These were adjusted to weight more towards
minority classes during training. One such attempt (weights: 3.64, 1.73, 0.91, 0.86, 1.28) bested the optimum
F1-Score obtained during experiment 1 (F1-Score = 0.804) as well as accuracy attained in [12] (accuracy =

0.810). The ViT model with such weights has shown its confusion matrix in Figure 5.

VI. CONCLUSION

In this study, we explored the problem of automatic DR severity stage detection from fundus images. We
proposed a vision transformer deep learning pipeline to model the long-range dependencies in the images.
The study employed the transfer learning method to train an extensive vision model on a rather small
dataset. For experimentation purposes, the model has been pre-trained on the new real FGADR dataset. We
validated the performance of the proposed model on the original unbalanced data. We then enhanced the
model's performance with the data collection method and algorithm-based balancing techniques. The

proposed model based on the ViT method produced better results compared to the other baseline ViT and
CNN state-of-the-art models. In conclusion, this study examined (1) the feasibility of learning the spatial
long-term dependencies in medical images using transformers for improving the disease detection
performance, (2) the feasibility of balancing techniques of data (i.e., algorithmic and data centric) for
training strong and accurate models, (3) the feasibility of hyper parameter tuning to increase the
performance of large models using frozen weights of early layers, and (3) the feasibility of using the transfer
learning technique to reduce the model optimization procedure. Our proposed model based on the ViT
method produced better results compared to the CNN and ViT baseline models (i.e., 0.825, 0.825, 0.826,
0.964, 0.825, 0.825,)and 0.956 for F1-score, accuracy, balanced accuracy, AUC, precision, recall, specificity,
respectively). We must investigate the trade-off between the performance of the model and its complexity.
In the future, we will investigate the contribution of model complexity to enhance the results. This will
involve testing ViT architectures in different experimental settings and with different datasets. We will
investigate other approaches to compress transformers and build light models. We will enhance the
robustness of the model by testing its performance with external validation and measuring its uncertainty.

We will investigate the performance of ViT for different numbers of layers and heads.
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analysis of large data sets such as soil samples, environmental parameters,
and agronomic management. Soil fertility is the primary factor
determining whether a crop can or cannot be cultivated on a particular
kind of soil. Whenever the farmers are faced with a lot of possibilities, it
becomes difficult for them to decide what crop to utilize. We have made
this project to suit that particular problem. It is necessary that we give the
data of soil because it will make a big difference in deciding on the fertility
of the soil. The model's accuracy and performance may decline if the data
are not provided discretely. The character of the data set reveals that the
result is a binary value, i.e., "Fertile" or "Non-Fertile", and the percentage
accuracy of each algorithm. Objective: The entire intention of this paper is
to determine whether the soil is fertile or not based on the soil properties
like N, P, K, Ph, nutrient content, moisture level, temp, rain, and
topography. Material/Method: We have made use of the Kaggle data where
N, P, K, and pH are used to feed into the model and ML determines
whether it is fertile or not. In this paper, four machine learning classifiers
are trained, and determine the best classifier based on the performance
metrics
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I. INTRODUCTION

In Recent years have seen the revolutionary transformation in agriculture due to technological
advancements and data analysis. A key indicator of most parameters of agriculture, i.e., soil fertility is
machine learning (ML) among various others. It is a very intricate interaction of a wide array of physical,
chemical, and biological parameters of the soil environment that regulates the fertility of soil, and it has a
tremendous impact on agricultural productivity. An accurate estimation of soil fertility must be conducted
for the improvement in agricultural activity, boost in plant yield, and ensure soil management in the long
term. Large-scale agriculture activities would maybe not be capable of extending and implementing
conventional means of soil fertility determination since they are laboratory-based and lengthy laboratory
experiments. Additionally, such far-reaching methods tend to cancel out the precision of quantification of
temporal and spatial variability of the soil parameters. Environmental drivers, and agronomic management,
with big datasets of soil samples, machine learning approaches, nonetheless, provide a reliable alternative.
Machine learning models may be employed to build predictive models with the capability to accurately and
effectively estimate soil fertility. The main goal of this paper is to determine if machine learning methods
may successfully predict soil fertility using multiple soil properties and environmental characteristics. Our
goal is to develop solid predictive models that can well estimate soil nutrient concentrations, pH, organic

matter.

II. LITERATURE REVIEW:

Several papers have been undergone the soil fertility identification process via identification of the soil
constituents.

The research in ref. [1] had given a Random Forest classifier because it produced the best outcome or greater
accuracy compared to other classifiers as a result of the data set. The primary objective of this was to create a
stable model which gives a high rate of accuracy to achieve the desired type of soil when various types of
soil are taken into account for cultivating a specific crop and also to assist farmers to achieve the maximum
using that soil. In [2] Random Forest achieved the highest accuracy, i.e., nearly 100% accuracy, compared to
other models such as neural networks, SVM, and naive Bayes based on the provided dataset, which is
divided into three, i.e., crop dataset, soil dataset, and yield dataset, wherein are N, P, and K values primarily
for measuring the accuracy. The Random Forest classifier used here was a fine model for the given data set,
but is not necessarily so in other data sets with larger sample sizes; then the use of neural networks could be
applied, and with some adjustment to hyper parameters to provide a better accuracy score. The algorithms
used were Random Forest (RF), support vector machine (SVM), ANN, K-NN, and some regression-based
models. [3] The purpose of the above machine learning model was soil property prediction like chemical
properties and nutrients and then give fertilizer recommendation using the ML algorithm. Accuracy
between 85% to 91%, since SVM, RF, and ANN used high precisions, and they can be performed better
using algorithms specifically, since other different algorithms were used. And performance assessment also
needs to be targeted. To overcome the poor accuracy of traditional models, the paper constructed a new
prediction model based on big data statistics and near infrared (NIR) spectrum and achieved three times
improved accuracy.[4] There was still scope for enhancement by incorporation of extrinsic variables during
data collection and enhancing geographic fit. The aim of the study was to develop a strong model of

forecasting soil nutrient concentration using employment of the enhanced genetic algorithm (IGA) with
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back-propagation (BP) neural network models.[5].Enhanced methodology achieved greater precision in
estimation of soil nutrients with coefficients of determination (R2) of more than 0.88 for the different
nutrients. But, improvement can also be made by using newest techniques, such as convolutional neural
networks (CNNs), to enhance the predictive power of the model.[6]. It developed prediction models for soil
nitrogen phosphorus, and potassium from hyper spectral data and algorithms such as PLS, SVR, Si-PLS, and
Si-SVR. The Si-SVR model performed best with RPD values greater than over 2.0 for every nutrient, i.e.,
2.86 in nitrogen predict, but there will be improvement including soil pH level, texture, and percentage of
organic content. [7] described how machine learning can provide suggestions for the crop. The authors also
advocated the use of IoT-based analysis of soil's nutrients. They harvest the information from various
sources. The paper in ref. [8] described how the use of machine learning and deep learning makes their task
easy while working on the soil fertility. They utilized both ML and DI classifiers and obtained that NB and
CNN were superior, i.e., 99% and 87%. ref. [9] used machine learning classifiers as well as data mining to
illustrate soil fertility management. Bayesian accuracy 0.87 classification was obtained by them. The study
in ref. [10] presented the use of ML classifiers for classifying soil fertility O and suggesting the crop. They
used a lot of classifiers such as KNN, RF, NB, Lasso, Ridge, etc. KNN and RF gave 83% and 82% accuracy
rates. The work in ref. [11] utilized ANN methodologies for soil fertility management. They had estimated
performance measures like MSE and R2. Their testing accuracy and training accuracy were 0.96 both. The
work in ref. [12] introduced the SMOTE approach to crop suggestion. They utilized before SMOTE and after
SMOTE to check whether there is any possibility of enhanced accuracy or not. They also explained in the
paper through which methods soil fertility can be regulated, but they discussed primarily the
recommendation scheme. The paper in ref. [13] discussed in detail the regression method, and also
conducted the hypothetical test for predicting soil organic. They employed machine learning regression
classifiers like LR, ENT, MLR, Ridge, Lasso, etc., and RF was found to perform well and was approximately
0.74 R-square.
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Figure 1. Rough sketch of soil fertility management.
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The above flowchart works as follows:

1. Dataset

e Itisthe raw data that is initially collected from agriculture fields.

e It has features such as soil nutrients, crop type, environmental conditions, and perhaps pest or

damage information.

2. Pre-processing

e Data cleaning and transformation are performed here.

e  Operations include missing values handling, encoding categorical variables, normalization/scaling,

and feature selection.

3. Data Splitting

e  The pre-processed data is divided into:

e  Training Data: For training machine learning models.

e Testing Data: Used to test the performance of the trained models.
4. Model Training
e  Multiple machine learning algorithms are applied on the training data, including:
e AdaBoost Classifier
e  Extra Trees Classifier
e K-Nearest Neighbors (KNN)
e Random Forest (RFB)

e Naive Bayes Classifier

e Lasso Regression

e Linear Regression

III. ALGORITHM:

Table 2 presents the analysis of the classification models. Here, we portrayed the
performance matrix of accuracy precision and recall values of each algorithm used in the
model before implementing the SMOTE technique. The table below demonstrates the
tabular results of the classifier.

Table 2. Performance metrics of different classifiers.

Algorithms Accuracy Precision Recall
Logistic Regression 0.83 090 0.83
KNN 0.88 0.90 0.88
NB 0.77 0.89 0.77
Decision Tree 0.89 0.89 0.88

How do various machine learning classifiers operate for soil fertility according to various performance

measures (particularly accuracy, precision, and recall)? How do you gauge and influence the performances

of all machine learning classifier training sets for soil fertility seen within the learning curve? Solution to the

research question: The aforementioned research question can be solved through the use of the learning

curve. It explains the performance of every machine learning classifier training data. It receives the training

and cross-validation scores versus each training sample. Plots represent the learning curves that reflect the

learning in the training of a machine learning model. We have plotted the graph and illustrated the
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classifiers' performances. We have taken the measurements of the training score as well as cross-validation

scores to get the progress of the classifiers.
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Which algorithm works well for soil fertility: Above we discussed how the performance of various
classifiers compares. We have made a rigorous comparison of the performance measures and illustrated
which one works well.

Performance Comparison of Algorithms

Arguraty

Pretision
o8 = Recall
[:1
o
o
o
KNN L]

Logitic Regression Decision Tree

Scones
*

14

~

Algorithms

Figure 4: Algorithm performances

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



IV. CHALLENGES AND FUTURE:

This study highlights how machine learning (ML) can transform agricultural science, specifically in the crop
management and soil fertility prediction areas. Machine learning (ML) algorithms provide accurate and
scalable solutions for analysing soil health and predicting crop yield ,and optimizing farm operations based
on large-scale data and sophisticated analysis tools .The research shows that in crop yield prediction
assignments, ensemble techniques like AdaBoost and Extra Tree Classifier outperform conventional linear
regression models ,illustrating the efficacy of nonlinear modelling methods in modelling intricate
interactions evident in agricultural systems. Agricultural productivity, sustainability, and adaptability to
emerging challenges are heavily influenced by these findings. ML to drive agricultural science and global
food security, future research needs to focus on enhancing ML algorithms, incorporating real-time sensing
technologies, and addressing data quality and interpretability issues. Overall, this study contributes to
ongoing efforts to address pressing agricultural issues and pave the way for a more sustainable and resilient
food system by leveraging technology-based solutions.

Increased Crop Yields: Optimization of fertilizer application and increased resource allocation.
Environmental Benefits: Reduced pollution and increased sustainable agriculture.

Economic Benefits: Increased farmer profitability and the agricultural industry.
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picture investigation, the framework robotizes preparatory screening and
gives precise, real-time appraisals of eye wellbeing. Coordinates with a
secure telemedicine stage, Smart Eye empowers patients especially in

inaccessible or underserved areas to transfer eye pictures, get

I. INTRODUCTION

The field of ophthalmology plays a crucial part in healthcare, as vision is one of the foremost fundamental
faculties for keeping up quality of life. Universally, millions endure from preventable or treatable eye
infections such as cataracts, glaucoma, diabetic retinopathy, and macular degeneration. Opportune
conclusion and intercession can essentially decrease the burden of visual disability and visual impairment.
In any case, constrained get to specialized eye care especially in country and underserved areas presents a
critical challenge to viable conclusion and treatment. The later headway in manufactured insights (AI),
computer vision, and telemedicine has opened modern conceivable outcomes for upgrading eye healthcare
conveyance. Shrewdly frameworks that can help in early determination, chance evaluation, and farther
meeting have the potential to revolutionize conventional ophthalmic hones. Spurred by this opportunity,
this extend proposes "Smart Eye" an brilliantly eye diagnostics and teleconsultation framework planned to
bridge the hole between patients and ophthalmologists by Manufactured insights (AI) has progressively
ended up a transformative drive in therapeutic diagnostics, especially in ophthalmology. Profound learning
calculations, particularly convolutional neural systems (CNNs), have demonstrated exceedingly viable in
analysing retinal fundus pictures to distinguish eye infections. Ground breaking work by Goshen et al. (2016)
illustrated that Al may coordinate or outperform human masters in recognizing diabetic retinopathy from

fundus photos. Ting et al. (2017) extended this application to other eye conditions such as glaucoma and
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age-related macular degeneration, strengthening the unwavering quality and versatility of AI models in
ophthalmic diagnostics. These improvements recommend that Al can essentially progress the precision,
effectiveness, and availability of eye malady screening.

In the meantime, telemedicine has developed as a key enabler in bridging the crevice between patients and
healthcare suppliers, particularly in districts with restricted get to pros. Teleophthalmology— the farther
conclusion and administration of eye conditions utilizing advanced tools— has been effectively sent in
numerous healthcare frameworks. Stages like Eye PACS within the Joined together States and different
versatile screening programs in nations like India have demonstrated viable in coming to underserved
populaces. These frameworks ordinarily take after a store-and-forward show, where quiet information is
captured locally and afterward looked into by pros. In any case, numerous such stages still depend on
manual determination, which can constrain versatility and delay treatment proposals. In spite of the fact
that both Al-based diagnostics and teleophthalmology have appeared gigantic potential, few frameworks
have effectively coordinates both into a consistent, shrewdly arrangement. Current devices regularly work

in separation, either performing robotized screening or encouraging inaccessible consultations but not both.

II. THEORETICAL FOUNDATION:

1. Counterfeit Insights and Machine Learning:

At the centre of Smart Eye lies fake insights, particularly machine learning (ML) and profound learning (DL).
The venture utilizes directed learning methods, where calculations are prepared on labelled datasets of
retinal pictures to memorize designs related with different eye illnesses.

2. Computer Vision and Picture Preparing:

Computer vision hypothesis gives the specialized establishment for picture procurement, improvement, and
highlight extraction. Methods such as histogram equalization, edge discovery, and division offer assistance
pre-process fundus or retinal pictures to move forward their quality and highlight disease-related highlights.
3. Telemedicine and Healthcare Conveyance Models:

Smart Eye coordinating standards from telemedicine, especially the store-and- forward show, which
empowers offbeat communication between patients and ophthalmologists. It too joins synchronous
teleconsultation, permitting genuine- time interaction by means of video conferencing when required.

4. Human-Computer Interaction (HCI) and Ease of use:

Another hypothetical column is human-computer interaction (HCI), which advises the plan of user-friendly
interfacing for both patients and clinicians. Standards of convenience, openness, and client encounter (UX)
are connected to guarantee that Smart Eye can be successfully utilized by people with changing levels of
computerized proficiency, counting in low-resource settings.

In quintessence, the hypothetical establishment of Smart Eye is built upon the meeting of Al calculations,
computer vision procedures, secure telemedicine systems, and user-cantered plan standards. These
speculations collectively empower the framework to supply precise diagnostics, enhance remote get to care,

and advance versatile, cost-effective eye healthcare conveyance.
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III. COMPARATIVE ANALYSIS:

System / Study Diagnostic Disease Coverage Teleconsultation Scalability Limitations
Accuracy Support
Google ARTA High Dhiabefic Limited (tnage only) = Cloud-based Focused on DR only;
Retinopathy propriefary platform
E yeArt (Eyenuk) Very High (FDA Diabetic No Moderate Single disease focus;
approved) Retinopathy expensive setup
DeepDR (China) High DR, AMD, No Regional tnals No telemedicine ; imited
Glavcoma deployment
EyePACS High (with DR (manual review | Yes(store-and- Scalable (U.5.) | Relies on human
experts) by doctors) forward) interpretation; slower
feedback
Microsoft AT Moderate to High = DR, Cataract (India = Yes Developing Model performance varies
Network pilof) across sifes
SmartEye Target: High DR, Glaucoma, Tes (live & aswnc) High Requires robust validation;
(Proposed System) Cataract (web/mobile) curreniy in dev
IV. OPEN CHALLENGES :
1. Information Quality and Accessibility Al-based diagnostics depend intensely on expansive, assorted,

and well-annotated datasets. In any case, there's a deficiency of freely accessible datasets that
incorporate a wide assortment of retinal infections, socioeconomics, and imaging conditions. In
addition, conflicting labelling over datasets can influence demonstrate generalizability and
reasonableness.

2. Multi-Disease Symptomatic Precision Whereas profound learning models have accomplished tall
precision in identifying diabetic retinopathy, execution for other conditions such as glaucoma,
cataracts, and macular degeneration is still conflicting. These infections regularly require distinctive
symptomatic prompts, making it challenging to construct a bound together show with rise to
exactness over conditions.

3. Restricted Clinical Approval Numerous Al-based symptomatic apparatuses have appeared promising
comes about in inquire about situations but need broad clinical approval or administrative
endorsement. Without thorough approval in assorted clinical settings, the unwavering quality and

selection of frameworks like Smart Eye may be constrained

V. FUTURE DIRECTIONS:

1.  Advancement of Combined Learning Models To overcome information security concerns whereas
moving forward symptomatic models, unified learning permits Al frameworks to be prepared over
numerous decentralized gadgets without exchanging persistent information. This approach improves
both security and execution.

2. Development to Other Visual and Systemic Illnesses Future adaptations of Smart Eye may be
expanded to identify extra conditions such as hypertensive retinopathy, retinal vein impediment, and

neurological pointers seen in eye filters (e.g., for Alzheimer's or stroke).
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3. Integration with Electronic Wellbeing Records (EHRs) Smart Eye may well be coordinates with
national or neighbourhood electronic wellbeing frameworks to make a consistent stream of data,
encouraging way better decision-making, referrals, and treatment follow-ups.

4. Al Explain ability and Clinician Believe Creating interpretable AI models that highlight infection
highlights (e.g., through heat maps or saliency maps) will improve clinician believe and back cross

breed decision-making between human specialists and machines.

VI. CONCLUSION:

The rapid evolution of artificial intelligence and telemedicine has created powerful opportunities to
transform modern eye care. This survey explored the landscape of intelligent diagnostic systems,
teleophthalmology platforms, and integrated solutions, highlighting both advancements and persistent gaps.
A comparative analysis revealed that while individual tools offer high diagnostic accuracy or remote
consultation features, very few systems combine both into a cohesive, scalable platform.

Smart Eye is proposed as a next-generation solution designed to address this unmet need. By leveraging deep
learning for multi-disease detection and integrating synchronous and asynchronous-teleconsultation
capabilities, Smart Eye has the potential to enhance accessibility, reduce diagnostic delays, and improve eye
health outcomes especially in underserved areas. The survey also identified key challenges, including the
need for larger annotated datasets, clinical validation, regulatory compliance, and infrastructure support. In
summary, this survey contributes by presenting a clear taxonomy of existing systems, highlighting critical
gaps, and proposing future directions for research and deployment. Smart Eye represents a promising step

toward intelligent, inclusive, and scalable eye care.
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and contextually appropriate combinations of clothing items. This paper
surveys recent advancements in deep learning-based outfit
recommendation systems, comparing key methods, contributions, and
their real-world impact.

We highlight emerging trends, challenges, and propose future research
directions, with special attention to style-awareness, personalization, and

generation models.

I. INTRODUCTION

In Fashion outfit recommendation systems have become increasingly significant in the era of personalized
e-commerce, addressing the common challenge of helping users choose visually appealing and contextually
appropriate clothing combinations. Unlike traditional recommendation engines that suggest individual
items, outfit recommendation systems aim to generate or recommend entire sets of garments—such as tops,
bottoms, and shoes—that are not only compatible but also tailored to users' unique fashion preferences. The
task is inherently complex, as fashion is influenced by subjective elements like personal style, cultural trends,
seasons, and occasions. Early approaches relied heavily on collaborative filtering and handcrafted features,
which lacked the ability to understand visual aesthetics or user intent effectively.

With the advent of deep learning, particularly convolutional neural networks (CNNs), recurrent neural
networks (RNNs), and attention mechanisms, modern systems are capable of learning nuanced visual
compatibility and extracting style representations from large-scale fashion datasets. These models often
incorporate multimodal data—images, text descriptions, and wuser interactions—to enhance

recommendation quality. Furthermore, generative models and style transfer networks have opened new
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possibilities in personalized outfit creation. This survey paper presents a comprehensive overview of recent
advancements in fashion outfit recommendation, analysing key methods, datasets, evaluation metrics, and

identifying open challenges and future directions in this rapidly evolving field.

II. LITERATURE REVIEW:

Fashion outfit recommendation has evolved from traditional item-based systems to complex, multimodal
architectures that consider compatibility, user preferences, and stylistic coherence. Early methods primarily
used content-based filtering and collaborative filtering techniques, focusing on individual item preferences.
However, these lacked the ability to model the nuanced compatibility required when recommending outfit
sets consisting of tops, bottoms, shoes, and accessories.

Recent developments in deep learning have enabled significant progress. Fashion Net (He et al., 2018)
introduced a pioneering approach by combining convolutional neural networks (CNNs) for visual feature
extraction and fully connected layers for modelling outfit compatibility. It further incorporated
personalization using a two-stage training strategy: general model training followed by user-specific fine-
tuning.

Nakamura and Go to (2018) proposed a hybrid model utilizing Bidirectional LSTM and Auto encoders,
capable of learning sequential compatibility and extracting interpretable style representations. This
approach treated outfits as sequences and allowed the generation of style-controlled outfits, marking a shift
towards generative outfit modelling.

To improve interaction between modalities, Fashion BERT (Gao et al.,, 2020) extended the BERT
architecture to handle both text and image embedding’s for fashion retrieval. It introduced an adaptive
multitask loss combining masked language modelling , patch modelling , and alignment tasks. By replacing
traditional Region-of-Interest (Rol) detection with image patches, it addressed the lack of fine-grained
visual information typically required for fashion applications.

A unique line of work involves dialogue-based systems, such as Outfit Helper (Zhang & Wang, 2019), which
uses NLP tools (Dialog flow) and colour -matching algorithms to provide users with clothing suggestions
based on conversational input. Unlike data-driven models, it emphasizes user interactivity and relies on
rule-based databases and third-party vision services for outfit evaluation.

In parallel, researchers like Vasileva et al. (2018) explored type-aware embedding’s, while Han et al. (2017)
employed LSTM-based compatibility modelling . Other models, such as Capsule Wardrobe generation
(Hsiao & Grumman, 2018), addressed constraints like versatility and minimalism.

Despite these advances, challenges persist. Many systems struggle to balance interpretability, personalization,
and scalability. Furthermore, multimodal reasoning, style transfer, and explain ability remain underexplored.
Current literature trends point toward more holistic models that integrate visual, textual, and user-

contextual signals, indicating a promising trajectory for future research.
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III. ALGORITHM:

Fashion outfit recommendation systems utilize diverse algorithmic architectures depending on their
objectives—be it compatibility modelling , personalized ranking, or multimodal retrieval. Below, we outline
and compare the key algorithmic frameworks adopted in the field.

1. Convolutional Neural Networks (CNNs): Most fashion recommendation systems begin with visual
feature extraction using CNNs (e.g., VGGNet or Reset). For instance, Fashion Net (He et al., 2018)
processes item images through CNNs to obtain latent embedding’s. These features are then
combined—either concatenated or pairwise—to assess compatibility using multi-layer perceptions
(MLPs). Fashion Net explored three variants, with Fashion Net C using separate pairwise
compatibility models to reduce computational complexity.

2. Sequence Modelling with BiLSTM: Nakamura and Go to (2018) proposed an architecture that treats
an outfit as a sequence of items and uses Bidirectional Long Short-Term Memory (BiLSTM) networks
to capture item-order dependencies. The compatibility of the entire outfit is modelled by evaluating
this sequence bidirectional. An Auto encoder is then employed to learn a low-dimensional,
interpretable style vector that governs outfit generation. This enables both recommendation and
generative outfit synthesis.

3.  Multimodal Transformers: Fashion BERT (Gao et al., 2020) introduces a novel approach by adapting
the BERT architecture for fashion. Each image is divided into patches (not Rols), treated as “visual

tokens,” and combined with tokenized text descriptions. The sequence is fed into a multimodal
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transformer model where text-image interaction is handled through multi-head self-attention layers.
The algorithm is trained using a combination of three tasks—Masked Language Modelling (MLM),
Masked Patch Modelling (MPM), and Text-Image Alignment (TIA)—weighted dynamically using an
adaptive loss strategy.

4. Dialogue-Based Recommendation: Outfit Helper (Zhang & Wang, 2019) represents a rule-based yet
interactive system that processes natural language queries via Dialog flow. It connects with Azure
Computer Vision to extract dominant colours and uses Many Chat for conversation flows. The
algorithm primarily uses decision trees and predefined condition checks to match styles or colour
schemes with appropriate outfit suggestions.

Across these systems, common algorithmic components include:

o Feature extraction via CNNs or transformers.

o Compatibility modeling through MLPs, LSTMs, or attention networks.

o Personalization via fine-tuning or user embedding’s.

o Optimization using ranking loss, classification loss, or multitask adaptive losses.

The choice of algorithm depends heavily on whether the system is aimed at generation, retrieval, or user

interaction, with a growing trend toward hybrid and explainable models.

(2) FashionNet A (b) FashionNet B (¢c) FashsonNet C

Figure 3: The average of NDCG@m over all users

(a) FashionNet A (b) FashionNet B (¢) FashaoaNet C

Figure 4: The positive outfit numbers 10 top-X resulis
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Challenges and future:

Despite significant progress in fashion outfit recommendation systems, several challenges continue to hinder

their broader deployment and effectiveness.

1.

Subjective and Dynamic User Preferences: Fashion choices are highly personal and influenced by
cultural, seasonal, and emotional factors. Capturing these subjective elements in static
recommendation models remains difficult. While some systems employ fine-tuning for
personalization, most fail to adapt in real-time to users' evolving tastes.

Data Sparsely and Cold Start: Many systems rely on large labelled datasets, such as Polypore or
Fashion-Gen. However, the availability of high-quality multimodal data (images with text and
metadata) is limited. Cold-start problems—especially for new users or items—are still prevalent in
both collaborative filtering and deep learning approaches.

Multimodal Integration: While models like Fashion BERT attempt to unify textual and visual data,
effective fusion of these modalities remains a challenge. Models often struggle to align fine-grained
attributes (like “off-shoulder” or “bohemian”) across image and text descriptions. Furthermore,
incorporating contextual signals like weather, location, and event type is still underexplored.
Scalability and Efficiency: Deep learning-based systems, particularly transformer-based models,
require extensive computational resources for training and inference. Real-time outfit
recommendation on mobile or embedded devices demands lightweight models or clever optimization
strategies, which are still in development.

Interpretability and Explain ability: Users often want to understand why a particular outfit is
recommended. Most current systems operate as black boxes and do not provide interpretable
explanations. This lack of transparency affects user trust and reduces adoption in practical fashion

applications.

Future Directions:

1.

Explainable AI (XAI): Integrating explainable components, such as attention visualization or rule-
based feedback, will enhance user engagement and trust in recommendations.

Reinforcement Learning: To model long-term user satisfaction, reinforcement learning can be used to
dynamically adjust recommendations based on real-time feedback.

Multimodal and Context-Aware Models: Future systems will need to handle not just images and text,
but also contextual metadata such as social trends, location, and temporal signals to provide truly
personalized recommendations.

Sustainability and Capsule Wardrobes: With rising awareness of sustainable fashion, systems that
recommend minimal yet versatile clothing combinations (e.g., capsule wardrobes) are gaining interest.
Fairness and Bias Mitigation: Addressing algorithmic bias in datasets—whether due to gender,

ethnicity, or body type—will be critical for inclusive and ethical fashion Al

Together, these directions aim to make fashion recommendation systems more personal, adaptive, and

socially responsible.

[1].
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and more natural high-resolution outputs. It effectively preserves semantic
details, reduces artefacts, restores missing frames, and removes noise from
degraded videos. This makes it highly valuable for applications such as
surveillance, video calls, and media entertainment, where visual quality is
crucial. To address the challenge of inter-frame information loss and
insufficient spatiotemporal modelling in blurry digital videos, a deep
learning-based video deploring approach is introduced. Open CV tools are
used to implement the video restoration model, offering strong deploring

performance and improved noise resistance.

I. INTRODUCTION

In Super resolution of video using implicit semantic guidance is an advanced technique used for enhancing
the quality of low-resolution videos using deep learning models. In some technologies such as video
surveillance, video conferencing, and entertainment, there must be high-quality videos for correct
identification, clear communication, and enjoyable viewing. Low-quality videos tend to be pixelated,
blurred, and have other types of artefacts that can reduce their performance. Video super-resolution using
implicit semantic guidance addresses these limitations by training a neural network to map low-resolution
inputs to high-resolution outputs through learned high-level semantic features. The technique can generate
sharper and more realistic images without the compromise of the semantic content of the video. The
technique has the capability to enhance the quality of videos to a large extent, and hence it is an active area

of research and advancement in the area of video processing and computer vision.
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II. LITERATURE SURVEY

[1]. Abstract: "Fast and robust multi-frame super resolution" is a research paper that proposes a new super-
resolution method based on the fusion of multiple low-resolution frames of the same scene into a single
high-resolution image. The authors propose a multi-frame super-resolution scheme, which uses a fast and
robust method for frame alignment before super-resolution. "Fast and robust multi-frame super resolution"
is a research paper that proposes a new super-resolution method based on the fusion of multiple low-
resolution frames of the same scene into a single high-resolution image. The authors introduce a multi-
frame super-resolution approach that employs a quick and reliable technique for aligning frames prior to
applying super-resolution. The developed algorithm also contains an adaptive Wiener filter for noise and
other distortions removal which occur during the process of image acquisition. The authors evaluate the
performance of the developed algorithm using a set of synthetic and real-world test datasets and compare it
with other state-of-the-art super-resolution methods. The experimental results indicate that the new
method outperforms other methods [2]. Summary: The paper "Image Super-resolution By TV Regularization
and Bergman Iteration" suggests an image super-resolution method based on total variation (TV)
regularization and Bergman iteration. TV regularization is utilized to improve image details and Bergman
iteration is utilized to solve the optimization problem in an efficient computational manner. The suggested
method is tested on simulated as well as real data and the results indicate that the method is comparable
with other state-of-the-art super-resolution methods in terms of visual quality and peak signal-to-noise ratio
(PSNR). The paper also compares the computational efficiency of the method with other methods. Overall,
the paper suggests a promising method for image super-resolution based on TV regularization and Bergman
iteration to obtain high-quality results with efficient computation. [3].Summary: The paper "Multiwavelet
statistical modelling for image demonising using wavelet transforms" proposes a new algorithm for image
demonising based on multiwavelet statistical modelling. The authors propose a new wavelet basis function,
the "multiwavelet," which has the potential to improve the efficiency and effectiveness of image demonising.
The new approach uses a statistical modelling method to estimate the demonised image wavelet coefficients
and subsequent application of a thresholding function to remove the noise. The authors compare the
performance of the new algorithm with alternate image demonising algorithms, namely wavelet
thresholding and Bayesian wavelet shrinkage, on a set of benchmark images. The experimental performance
proves that the new approach performs better than alternate algorithms in peak signal-to-noise ratio, PSNR,
and visual quality. The new approach has the potential to be used in a broad range of image processing and
computer vision applications, namely medical imaging, surveillance, and remote sensing. [4]. Summary: The
paper "Plug-and-Play priors for model based reconstruction" by Venkatakrishnan et al. proposes a new
technique for image reconstruction tasks by combining the "plug-and-play" prior framework with
traditional model-based approaches. In the technique, a traditional image reconstruction model is
complemented by a non-parametric denoiser, which is trained on a large set of other external images. The
denoiser is employed as a regularize in an iterative optimisation cycle, wherein it learns to remove image
noise and artefacts and preserve meaningful features. The method is applied to a diversity of image
reconstruction tasks such as compressed sensing, super resolution, and tomography and is found to surpass
existing state-of-the-art methods in terms of accuracy and efficiency. The paper concludes with a discussion
of possible applications of this method in a range of domains such as medical imaging and remote sensing.
[5]. Summary: The paper "Turning a denoiser into a super resolver using plug and play priors" introduces a

technique for employing a denoising algorithm to achieve super-resolution. The technique relies on the
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concept of "plug-and-play priors," where a denoiser is employed as a prior within a super-resolution method.
The authors demonstrate that the technique can achieve dramatic quality improvement in super-resolution
compared to conventional methods They further introduce a novel algorithm referred to as the "plug-and-

play supered solution" (PPSR) algorithm.

III. EXISTING SYSTEM

By extracting high-level semantic features from low-resolution input and using them to produce high-
resolution output, a deep learning-based technique called "super-resolution of video by implicit semantic
guidance" improves low-quality videos. This method uses deep neural networks to learn the relationship
between low- and high-resolution images, guaranteeing sharper and more realistic video quality than
traditional super-resolution techniques that rely on explicit features like edges and textures, which may not
always capture the semantic content effectively. In order to minimize artefacts and restore missing frames,
the procedure entails feature extraction, high-resolution reconstruction, and noise reduction. This technique
has been used in fields where sharp images are essential, such as entertainment, video conferencing, and
surveillance. Video super-resolution has been further improved by recent developments in implicit neural
representation, which enhancing consistency between frames by effectively encoding spatial and temporal
features without depending on computationally demanding methods like motion estimation or optical flow.
This method greatly improves the visual experience and increases the efficiency of video processing by

maintaining the integrity of semantic content

IV. PROPOSED SYSTEM

Blurred video
(input)

Super Resoluted
video (output)

denoising Image
images Enhancement
from

video Motion

deblurring

This section explains SR-INR, our suggested technique for super-resolution images and videos. After
defining the problem, we go into great detail about each step of our pipeline, including texture encoding,
implicit hashing, and top-down attention.

Problem Definition :

A high-resolution grid Ghr. that specifies the locations of the high-resolution pixel coordinates and a batch
of low-resolution frames Ilr € RHlrx Wlrx C are the inputs to SR-INR. The RGB colour value that
corresponds to each high-resolution coordinate is the output. This can be expressed mathematically as Thr =

f(Ilr,Ghr), (1), where the reconstructed high-resolution image is represented by Ihr € RHhrx Whrx C.
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Texture Encoding :

Using a batch of resolution grids, local patches are first extracted from the low-resolution images to begin
the texture encoding process. We use a multi-resolution grid to generate local feature representations, a
technique that was inspired by Instant-NGP [41]. In particular, we use the resolution grid to extract multi-
scale local patches from the low-resolution frames given a high-resolution pixel coordinate: Pr i = g(Ilr,Gr)
where Pr i denotes a local patch at resolution level r that is centred around coordinate i. The resolution grid
in Gr. 3.4. Top-Down Attention for Feature Concatenation determines the local patch's size, which is 3.
Next, for every one of these multi-resolution patches, we forecast a fixed-length feature code: * Fri = fr 6(Pr
i), (3) where Fri € R3 is a continuous to the features and fixed lengths.

Implicit Hashing :

We use a spatial hash table to get the implicit feature vectors for a specific coordinate in the 6D latent space.
We can quickly retrieve feature codes for nearby coordinates thanks to the hash table's compact storage of
trainable feature vectors. We locate nearby locations in the latent space for a given high-resolution
coordinate, then utilize the hash table to obtain their feature vectors: {Fr ND } = Hash Table(Fi), where {Fr
ND } stands for the feature vectors of the latent space's neighbour boring nodes. Next, we predict weights
for combining the nearby features using a network. When we use a 6D code to encode the local features, the
coordinates' spatial location is determined by the first three dimensions, and the final three The number of
neighbours in the 6D space will be 2D (where D = 6 in our implementation), and dimensions, predicted by
fr 0, indicate the coordinates of texture in the implicit texture codebook, which is unknown. The
computational burden of directly percolating feature vectors in this high-dimensional space is increased by
the feature codebook's unknown nature. In order to solve this, we forecast the weights for every neighbour
using a network: Weigh tr N = fH(Fr i,Fr i - Fr i(min),Fr i(max) - Fr i), (6), where Fr i(min) and Fr i(max)
stand for the top and bottom boundaries of the high-dimensional vertex, respectively. The weighted sum of

the adjacent feature vectors yields the final feature vector at resolution layer r: Fr p = weigh tr.

V. COMPARITIVE ANALYSIS OF METHOD

Using implicit semantic guidance to super-resolve video entails a methodical process intended to effectively
improve video frame quality while maintaining semantic integrity. Using Open CV's cv2.VideoCapture()
function, which gives exact control over the input data, the process starts with frame extraction from the
video file. After frames are acquired, the data is cleaned using pre-processing techniques to cut down on
noise and get it ready for feature extraction. By guaranteeing that low-resolution frames preserve critical
details required for reconstruction, this step lays the groundwork for successful super-resolution. Next
comes feature extraction, where deep learning-based models analyse the underlying semantic patterns
within the frames. Unlike conventional methods that primarily rely on pixel-based operations, this
approach leverages neural networks to infer missing details, preserving sharp edges and organic textures
during the reconstruction process. Algorithms like sharpening (cv2.filter2D()) and blurring (cv2.blur()) are
strategically used to improve the visual quality during the enhancement phase. While sharpening brings
back finer details and makes the image look more vibrant and realistic, blurring helps minimize unwanted
artefacts. After applying these transformations, the processed frames are compiled back into a video using
the cv2.VideoWriter() function, ensuring a seamless visual experience with improved resolution. To validate
the effectiveness of this methodology, testing is conducted using video samples of varying resolutions and

quality. Performance metrics such as processing speed, artefact reduction, and clarity.
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VI. IMAGE SUPER RESOLUTION

To assess the effectiveness of our proposed image super-resolution technique, we conducted experiments
using several well-known benchmark datasets, including DIV2K [1] from the NTIRE 2017 Challenge [53],
CelebA-HQ [24], Set5 [5], and Set14 [64]. The model was trained individually on each dataset to evaluate its
adaptability to different image types and characteristics. For DIV2K, images were centre-cropped to 1024 x
1024 pixels and then down sampled to 512 x 512 pixels using cubic interpolation, which served as the high-
resolution (HR) ground truth. In the case of CelebA-HQ, the original images were directly resized to 512 x
512 pixels to generate the HR counterparts. For Set5 and Setl4, the datasets were pre-processed and
modified accordingly to create low-resolution (LR) versions, with scaling factors of x2, x4, and x8 applied to

produce the LR inputs.

VII. CONCLUSION

To sum up, the investigation of video super-resolution using implicit semantic guidance reveals a
revolutionary change in improving low-quality video content. The suggested approach efficiently extracts
high-level semantic features from low-resolution inputs to produce clear, high-resolution outputs by
utilizing continuous implicit neural representations. In addition to overcoming the limitations of
conventional pixel-based techniques, this method promotes a more organic preservation of textures and
visual details. Promising results highlight the potential for further refinement through domain adaptation
and hybrid models combining explicit and implicit strategies, despite challenges like preserving temporal
consistency and lowering computational overhead. These results ultimately open the door to more reliable
and scalable video enhancement technologies, which will have a big impact on real-time applications in

multimedia entertainment, video conferencing, and surveillance.
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resizing, rotation, and brightness/contrast adjustments

A distinguishing feature of the application is the implementation of
customizable filters, allowing users to create and apply unique visual
effects through parameterized controls or code-based filter definitions. The
system is designed with modularity and extensibility in mind, enabling
easy integration of additional features or third-party plugins. Usability
testing and performance optimizations ensure a smooth user experience
across devices. This project serves both as a practical tool and a foundation

for future exploration in user-driven image processing applications.

I. INTRODUCTION

Introduction to Building an Image Editor with Custom Filters

In the digital age, visual content plays a crucial role in communication, creativity, and information sharing.
From social media posts to professional photography, the ability to enhance and manipulate images has
become increasingly valuable. While there are numerous commercial image editing tools available, creating
a custom image editor provides a unique opportunity to tailor features to specific needs, deepen
understanding of image processing, and foster innovation.

This project focuses on building a lightweight image editor equipped with custom filters, enabling users to
apply unique visual effects beyond the standard presets. Whether you're aiming to simulate vintage looks,
adjust image tones dynamically, or create artistic transformations, custom filters give you full control over

the final appearance.
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By exploring core concepts such as pixel manipulation, color theory, and filter algorithms, we will build an
image editor that not only performs basic operations like cropping and resizing but also supports advanced
filtering techniques like sepia, vignette, edge detection, and more. The project can be implemented using
tools like Python (with OpenCV or Pillow), JavaScript (using HTML5 Canvas), or cross-platform
frameworks like Flutter or React Native.

This guide is intended for developers, hobbyists, and students interested in image processing, offering both

practical skills and a deeper understanding of how modern image editors function under the hood.

1.1 Problem Statement

In the age of digital content creation, users demand powerful yet easy-to-use tools for editing images. While
many existing applications offer standard filters, there is a growing need for image editing software that
allows for custom filters, real-time previews, and non-destructive editing. Customization gives users more
creative control and can serve both casual users and professional content creators

Develop a cross-platform image editor that supports basic image manipulation tools and allows users to
create, apply, and manage custom filters. The system should provide a responsive and intuitive user interface,

support high-resolution images, and offer real-time filter preview functionality.

1.2 Organization of the Report

This report is structured into five main chapters, each focusing on a key phase of the building an image
editor with custom filters. Chapter 1 introduces the project, including its background, problem statement,
aim and objectives, motivation, and contribution. Chapter 2 presents a comprehensive literature survey that
reviews existing work on building an image editor with custom filters.. Chapter 3 provides a detailed system
analysis, including the problem definition, existing system, proposed system, and methodology adopted for
this project. Chapter 4 outlines the requirement specifications, describing both functional and non-
functional requirements as well as system hardware and software needs. Chapter 5 details the design
methodology, including system architecture, workflow description, flowchart, and use case diagram. The

report concludes with a summary of the findings and references that support the research.

1.3  Relevance Of Domain

The domain of image processing and digital media editing is highly relevant in the modern era, where visual
content dominates communication, marketing, education, and entertainment. With the exponential growth
of platforms like Instagram, YouTube, and TikTok, as well as the rising importance of remote work and
digital documentation, tools that allow users to edit and enhance images have become essential.

This project falls under the domain of digital image processing, human-computer interaction (HCI), and
software application development. The ability to process images and apply custom filters enables users to
control the visual aesthetics of their content, enhancing storytelling, branding, and information clarity.

This domain also holds strong educational and research value, offering opportunities to explore areas like
digital signal processing, human-computer interaction, and software development, making it a highly

relevant and impactful area of work.

1.4  Scope of the Project
Core Functionality
1. Load and display image files (e.g., JPEG, PNG).
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2. Basic image operations: crop, resize, rotate, flip.
3.  Save/export edited images in multiple formats.
Custom Filter Engine

1. Apply predefined filters (e.g., grayscale, sepia, negative).

2. Create and apply custom filters using user-defined parameters (brightness, contrast, hue,

saturation, etc.).
3. Real-time filter preview before applying.
User Interface
e Intuitive GUI for image manipulation (desktop or web-based).
e Drag-and-drop image loading.
e  Sliders and input fields for filter adjustment.
¢ Undo/Redo functionality.
e  Performance & Optimization
e  Efficient image processing with minimal latency.
e Handle large images without crashing or slowing down.
e  Asynchronous processing where applicable (especially for web-based editors).
Platform Support
Desktop application (using Python with Tkinter/PyQt or Electron/JavaScript) or
Web application (using HTML/CSS/JavaScript with canvas API or WebGL).
Extensibility
Modular architecture for adding new filters.
Plug-in support or configuration files for reusable filter presets.
Optional Advanced Features
Layer support for advanced editing.
Masking and selection tools.
Integration with cloud storage or image sharing platforms.
Testing & Quality Assurance
Unit and integration testing of core functionalities.
Usability testing with real users.
Documentation
User manual or help section.
Developer documentation for extending or maintaining the project.
Constraints & Assumptions
Single-user local editing (not collaborative).
Input limited to standard image formats.
Real-time processing required for good UX.

Future Enhancements:
In the future, the image editor can be improved with the following features:

1. More Filters

Add more advanced filters like cartoon effect, sketch, or background blur.
2. Create Your Own Filters

Let users design and save their own custom filters.
3. Undo and Redo

Add the option to go back or forward when making changes.
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1.5 Aim and Objectives

Aim:

To design and develop a simple and user-friendly image editor that allows users to apply built-in and custom
filters to images, with real-time preview and save options.

Objectives

To build an interface that allows users to upload and view images easily.

To implement common image filters like grayscale, sepia, brightness, and contrast.

To allow custom filters, where users can adjust filter settings or combine multiple filters.

To display real-time previews of the applied filters before saving.

To provide options to download or save the edited image in common formats (e.g., PNG, JPEG).

A

To ensure the tool is responsive and works well on different devices or screen sizes (if web-based).

1.6 Motivation And Contribution of the Research Work

1.6.1 Motivation

In the digital age, images play a crucial role in communication, marketing, and personal expression. While

many image editing tools offer basic filters, they often lack customization options, limiting users' creative

potential. This project aims to fill that gap by providing a user- friendly platform where individuals can not

only apply standard filters but also create and adjust their own custom filters. Such customization empowers

users to enhance their images according to personal preferences, fostering creativity and self-expression.

1.6.2 Contribution of the Research Work

The main contributions of this research work are summarized as follows:

1. Development of Custom Filters: Introduced the ability to create and apply user-defined filters,
enhancing personalization in image editing.

2. Real-Time Preview Implementation: Implemented real-time previews of filter effects, allowing users
to see changes instantly and adjust parameters accordingly.

3.  User Interface Design: Designed an intuitive interface with sliders and buttons, making the filter
application process accessible to users with varying technical skills.

4.  Performance Optimization: Optimized the application to handle large images efficiently, ensuring
smooth performance during editing.

5.  Cross-Platform Compatibility: Developed the editor to function seamlessly across different devices
and browsers, broadening its accessibility.

6. Educational Value: Provided a practical example of applying image processing techniques, serving as a

resource for learning and further research in digital image editing

II. LITERATURE SURVEY

1.  Title: Building an image editor with custom filters
1. DeepLPF (Moran et al., 2020)
Advantages:
Learns spatially adaptive local filters, allowing fine-grained, context-aware enhancement.
Combines interpretability of parametric filters with the power of deep learning.

Effectively preserves local details and texture without over-smoothing.
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Disadvantages:
Requires supervised training with paired datasets, which may limit applicability where such
data is scarce.
Potentially higher computational complexity compared to simpler, global filters.
Performance may degrade on images with characteristics very different from the training data.
2. MIEGAN (Pan et al., 2021)
Advantages:
Designed for real-time image enhancement on mobile devices, balancing quality and
efficiency.
Uses a multi-module cascade to address different degradation types (noise, blur, color)
sequentially for better results.
Optimized for perceptual quality, producing visually pleasing enhanced images.
Disadvantages:
Training GANSs can be unstable and complex, requiring careful hyperparameter tuning.
Although efficient, the model may still be too computationally heavy for very low-end or
older mobile devices.
Cascade design increases architectural complexity, potentially making debugging and
maintenance harder
3. Handcrafted Filters for AI Image Attribution (Li et al., 2024)
Advantages:
Handcrafted filters offer interpretability and are computationally lightweight.
Can improve robustness and generalization when combined with deep learning features.
Useful in low-data environments or where training large models is impractical.
Disadvantages:
Handcrafted filters alone provide only moderate accuracy compared to modern deep
learning methods.
Limited adaptability to new or unseen Al-generated image types without retraining.
May fail to capture complex artifacts present in the latest generative models.
4. Image Sharpening Using Dilated Filters (Orhei & Vasiu, 2022)
Advantages:
Dilated filters enable a larger receptive field without increasing the number of parameters,
allowing multi-scale detail enhancement.
Provides flexible control over the scale of sharpening and detail enhancement.
Comparable computational cost to traditional convolutional sharpening filters.
Disadvantages:
Sharpening can amplify noise if not carefully controlled or tuned.
May be less effective on images with very low signal-to-noise ratios, where noise dominates
details.
Requires careful parameter selection (dilation rate, filter size) to avoid artifacts or unnatural
enhancement.
5. Limna & Kraiwanit (2024) — Google Gemini’s Influence on Workplace Dynamics
Advantages:
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Provides real-world insights into the impact of Al integration on employee interactions and
job satisfaction.
Offers empirical data specific to a major metropolitan area (Bangkok), which is useful for
regional Al adoption studies.
Disadvantages:
Not focused on image processing or enhancement, so limited technical relevance to your
core topic.
Findings may not generalize beyond the specific workplace or cultural context studied.
6. Waltham (2013) — CCD and CMOS Sensors
Advantages:
Thorough explanation of CCD and CMOS sensor technologies, fundamental to image capture
quality.
Discusses technical differences relevant to image noise, sensitivity, and dynamic range.
Useful for understanding hardware limitations affecting image enhancement.
Disadvantages:
Focused primarily on hardware, not image processing algorithms.
Some sensor technology details may be slightly outdated given rapid advances.
7. Campbell et al. (2017) — Cross-Platform Compatibility of SNPs
Advantages:
Advances methods for data reproducibility and cross-platform genetic analysis, important in
bioinformatics.
Demonstrates approaches for aligning complex biological data reliably.
Disadvantages:
Not related to image enhancement or computer vision, so low relevance for image
processing literature.
Technical content focused on genomics, not imaging.
8.  Schalkoff (1989) — Digital Image Processing and Computer Vision
Advantages:
Comprehensive foundational textbook covering a broad range of image processing and vision
topics.
Includes fundamental theories, filters, transformations, and algorithms still relevant today.
Disadvantages:
Content may be outdated due to newer developments in deep learning and advanced
algorithms.
May lack coverage of modern computational methods and hardware acceleration.
9. Katsaggelos (2012) — Digital Image Restoration
Advantages:
Detailed and rigorous coverage of image restoration techniques, including deblurring and
denoising.
Combines theory and practical algorithms useful for enhancing degraded images.
Disadvantages:
Some sections can be mathematically intense, requiring a solid background in signal

processing.
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May not cover very recent developments in learning-based restoration methods.
10. Rahman et al. (2005) — Image Enhancement, Quality, and Noise

Advantages:
Links image enhancement techniques with noise modeling and image quality assessment.
Provides insight into balancing enhancement and noise suppression, important for practical
applications.

Disadvantages:
Published in 2005, so it may not include recent advancements in deep learning-based
enhancement.
Image quality metrics discussed might have been superseded by more modern perceptual

metrics.

III. SYSTEM ANALYSIS

3.1 Problem Definition

In today's digital era, image editing has become a fundamental tool for communication, creativity, and
professional work. While many image editors exist, they are often either overly simplistic, lacking
customization, or overly complex and resource-heavy, requiring high-end hardware and steep learning
curves. Furthermore, many existing tools do not offer a flexible framework for creating and applying custom
image filters, which limits user creativity and adaptability across domains such as photography, social media
content creation, and graphic design.

This project aims to develop a lightweight yet powerful image editor that not only includes standard editing
functionalities (crop, resize, rotate, etc.) but also allows users to design and apply custom filters. These filters
could be user-defined transformations, such as unique color grading, artistic effects (e.g., sketch, oil

painting), or even programmatically generated filters using mathematical or AI-based models.

3.2  Existing System

Creating an image editor with custom filters involves integrating multiple components in a system
architecture. Here's an overview of an existing system design typically used to build an image editor with
custom filters (e.g., similar to Snapseed, Adobe Lightroom, or VSCO, but on a smaller scale). This system can

be implemented as a desktop, mobile, or web-based application.

3.3 Proposed System
Proposed System: Custom Image Editor with Filters
3.3.1 Objective
To develop a lightweight, user-friendly image editor that enables users to apply and customize image filters
in real-time. The system will support standard adjustments (brightness, contrast, saturation) and allow users
to define, apply, and save custom filters.
3.3.2 Image Processing Engine
Built using: Canvas API, WebGL, or OpenCV.js Responsibilities:
Apply filters such as brightness, contrast, blur, grayscale
Enable chaining of multiple filters

Render results in real-time
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Utilize GPU acceleration (WebGL) for performance

3.3.3 Custom Filter Manager Users can:
Create filters by adjusting multiple settings
Save filters as presets (e.g., in JSON format)
Load saved filters and apply them with one click

3.3.4 Optional Backend (Advanced)

Tech stack: Node.js + Express or Firebase Features:
Save custom filters to user account
Cloud sync of images and filters
User login and session management

3.3.5 Technology Stack

. Layer Technology

Frontend UI React.js/ Flutter
Image Processing Canvas API / WebGL / OpenCV js
State Management  Redux/ Context API
File Storage (Web) IndexedDB / LocalStorage
Backend (Optional) Node.js + Express / Firebase
Design Tools Figma / Adobe XD

3.3.6 Key Features
FeatureDescription
Image Upload Load images from local device
Real-time Filter Preview Apply filters with live preview
Filter Customization Modify and fine-tune filter parameters
Save Filter Presets  Save custom settings for reuse
Export Edited Image Save final image to device

3.3.7 Benefits of Proposed System
Customizable: Users can define their own filters easily.
Real-time Performance: Instant feedback with GPU acceleration.
User-Friendly: Minimalist Ul for ease of use.
Extendable: Easy to integrate Al filters or cloud storage later.

3.3.8 Future Scope

. Al-powered filters (e.g., style transfer)

Collaborative editing
Batch editing mod
Mobile-first PWA version

3.4 Methodology

Methodology: Building an Image Editor with Custom Filters

3.4.1 Requirement Analysis

Objective: Identify core user needs and define system requirements. Activities:
Gather requirements (e.g., upload image, apply/edit filters, export image).
Define use cases: image loading, filter application, filter customization.

Determine platform: Web-based (React + Canvas API) for accessibility.
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3.4.2 System Design
3.4.2.1 Architecture Planning
Chosen Architecture: Client-side Single Page Application (SPA). Components:
I Layer (React)
Filter Engine (Canvas API/ WebGL)
State Management (Redux or Context API)
Optional Backend (for storing filters)
3.4.2.2 UI/UX Design
Design wireframes using Figma or Adobe XD.
Define user flow: Upload image — Apply filters — Customize — Save/export.
3.4.3 Implementation Phases
Phase 1: Setup Development Environment Initialize React project using create-react-app.
Configure project structure (components, services, assets)
Phase 2: Image Upload and Display Implement drag-and-drop or file input.
Render the uploaded image on HTML5 <canvas>.
Phase 3: Core Filter Implementation
Implement basic filters using pixel manipulation:
Brightness, contrast, grayscale, invert, sepia. Use JavaScript to access and modify ImageData.
Phase 5: Real-Time Filter Preview
Use requestAnimationFrame or Canvas redraw to update image in real time.
Optimize using throttling/debouncing for performance.
Phase 6: Export Functionality
Add button to download the edited image using canvas.toDataURL().
3.4.4 Testing and Debugging
Manual Testing: Test with various image formats (JPG, PNG, etc.)
Cross-browser Compatibility: Test on Chrome, Firefox, Edge.
Responsive Design: Ensure Ul works on different screen sizes.
3.4.5 Documentation and User Guide
Create a user manual to explain:
How to upload images
How to use filters and save presets
How to export the final image
3.4.6 Deployment
Host the application on platforms
Real-time preview
Save/export functionality
Optionally, user-defined filter presets
3.4.7 System Design
a. Architecture Design
Chose a modular client-side architecture to ensure scalability and performance. Planned core modules:
User Interface
Image Processing Engine Filter Manager

State and File Management
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b. UI/UX
Designing tools (e.g., Figma) to prototype the layout: Left panel for filter controls
Main canvas area for preview Top/bottom bar for navigation and export
3.4.8 Development Phases
a. Frontend Implementation
Implemented UI using React.js components.
Created layout with dynamic panels and responsive design.
Integrated image upload functionality using HTML <input type="file">.
b. Image Processing Engine
Utilized Canvas API to manipulate pixel data.
Developed basic filters:
Brightness
Contrast
Grayscale
Sepia
Blur (using convolution matrix)
Enabled filter chaining and real-time updates via event listeners.
c. Custom Filter Manager
Created a system to allow saving filters as JSON presets.
Users can:
Adjust multiple parameters
Save their custom filter
Reapply it later
d. Export Feature
Added functionality to save the edited image using canvas.toDataURL() or canvas.toBlob().
3.4.9 Testing and Debugging
a. Functional Testing
Tested each filter for expected behavior and edge cases. Verified image upload, preview, and export
workflows.
b. Performance Testing
Measured rendering time and optimized filter application for large images. Used WebGL for GPU
acceleration where necessary.
c. Cross-Browser Testing
Ensured compatibility across Chrome, Firefox, and Edge.
6. Documentation
Documented code using comments and markdown files. Created a user manual and quick start guide for
end-users.
7. Evaluation

Collected feedback from test users on usability and performance. Evaluated against initial requirements:
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IV. REQUIREMENTS SPECIFICATION

4.1 Functional Requirements

Here is a well-structured list of Functional Requirements for your project: Image Editor with Custom Filters.
These define what your system must do from the user’s perspective and should be included in your project
documentation.

Functional Requirements of the Image Editor with Custom Filters

1. Image Upload

FR1.1: The system shall allow users to upload an image from their local device. FR1.2: The system shall
support common image formats (e.g., JPG, PNG).

2. Image Display and Preview

FR2.1: The system shall display the uploaded image on a canvas or viewer.

FR2.2: The system shall update the preview in real-time when a filter is applied or modified.

3. Filter Application

FR3.1: The system shall provide a set of built-in filters (e.g., brightness, contrast, grayscale, sepia). FR3.2:
The system shall allow the user to apply one or more filters to the uploaded image.

FR3.3: The system shall allow dynamic adjustment of filter parameters using sliders or input fields.

4. Custom Filter Creation and Management

FR4.1: The system shall allow users to create custom filters by combining multiple filter settings. FR4.2: The
system shall allow users to save custom filters as presets with a unique name.

FR4.3: The system shall allow users to apply saved custom filters to new images.

5. Image Export

FR5.1: The system shall allow users to export the edited image to their local device. FR5.2: The system shall
support image export in at least one format (e.g., PNG or JPEG).

6. Undo/Redo Functionality (Optional/Advanced)

FR6.1: The system shall allow users to undo the last filter change. FR6.2: The system shall allow users to
redo an undone filter change.

7. User Interface

FR7.1: The system shall provide a user-friendly interface with clearly labeled controls. FR7.2: The system
shall display the current filter settings in real-time.

8. Performance and Responsiveness

FR8.1: The system shall apply filter changes within 100 milliseconds to ensure a responsive user experience.
FR8.2: The system shall support editing high-resolution images (up to a defined size, e.g., 4K).

9. Optional: Persistent Storage (if using a backend)

FRO.1: The system shall store custom filter presets in the browser’s local storage or a backend database.

FR9.2: The system shall retrieve saved filters on application startup.

4.2 Non-Functional Requirements

Non-Functional Requirements (NFRs)

1. Performance

NFR1.1: The system shall apply filters to images within 2 seconds for images up to 5 MB in size. NFR1.2:
The system shall maintain a responsive user interface with a maximum latency of 100 milliseconds for user

interactions.
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NFR1.3: The system shall support real-time preview of filter adjustments without noticeable lag.

2. Usability

NFR2.1: The user interface shall be intuitive and easy to navigate for users with basic computer skills.
NFR2.2: The system shall provide tooltips and help documentation accessible from within the application.
NFR2.3: The system shall support keyboard shortcuts for common actions (e.g., undo, redo, apply filter).
NFR2.4: The system shall be compatible with screen readers to support visually impaired users.

3. Scalability

NFR3.1: The system shall be designed to handle an increase in the number of users without significant
degradation in performance.

NFR3.2: The system shall support the addition of new filters and features with minimal impact on existing
functionality.

NFR3.3: The system shall allow for horizontal scaling to accommodate increased load during peak usage
times.

4. Reliability

NFR4.1: The system shall ensure that no data is lost during image processing.

NFR4.2: The system shall provide error messages for failed operations, guiding users to resolve issues.
NFR4.3: The system shall recover gracefully from unexpected failures, preserving user data and settings.

5. Availability

NFR5.1: The system shall be available 99.9% of the time, excluding scheduled maintenance periods. NFR5.2:
The system shall provide users with notifications of planned maintenance at least 24 hours in advance.

6. Security

NFR6.1: The system shall ensure that user data, including uploaded images and custom filters, are stored
securely.

NFR6.2: The system shall implement access controls to prevent unauthorized access to user data. NFR6.3:
The system shall comply with relevant data protection regulations (e.g., GDPR, CCPA) regarding user data.
7. Maintainability

NFR7.1: The system's codebase shall follow standard coding practices and be well-documented to facilitate
future maintenance.

NFR?7.2: The system shall support automated testing to ensure the reliability of new features and bug fixes.
NFR7.3: The system shall allow for easy updates and deployment of new versions without significant
downtime.

8. Compatibility

NFR8.1: The system shall be compatible with major web browsers (e.g., Chrome, Firefox, Safari, Edge).
NFR8.2: The system shall be responsive and function correctly on various screen sizes, including desktops,
tablets, and smartphones.

9. Portability

NFRO.1: The system shall be deployable on different operating systems (e.g., Windows, macOS, Linux)
without requiring significant changes.

NFR9.2: The system shall support exporting images in multiple formats (e.g., PNG, JPEG) for compatibility
with other applications.

10. Accessibility

NFR10.1: The system shall adhere to Web Content Accessibility Guidelines (WCAG) 2.1 Level AA to ensure

accessibility for users with disabilities.
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NFR10.2: The system shall provide high-contrast modes and text resizing options for users with visual
impairments.
These NFRs ensure that your image editor with custom filters is not only functional but also performs well,

is user-friendly, scalable, secure, and accessible to a wide range of users.

4.3 System Requirements:

Certainly! Here are the System Requirements for building and running an image editor with custom filters,
tailored for your project. These specifications encompass both hardware and software aspects to ensure
optimal performance and user experience.

System Requirements for Image Editor with Custom Filters

1. Hardware Requirements Processor (CPU)

Minimum: Intel Core i5 or AMD Ryzen 5 (8th generation or newer) Recommended: Intel Core i7 or AMD
Ryzen 7 (10th generation or newer) Memory (RAM)

Minimum: 8 GB Recommended: 16 GB or more

Graphics Card (GPU)

Minimum: Integrated graphics with support for WebGL 2.0

Recommended: Dedicated GPU with at least 4 GB VRAM (e.g., NVIDIA GeForce GTX 1650 or AMD
Radeon RX 5500)

Storage

Minimum: 500 GB HDD

Recommended: 256 GB SSD for the operating system and applications; additional 1 TB HDD or SSD for
storing images

Display

Minimum: 1920 x 1080 resolution

Recommended: 2560 x 1440 resolution with 100% sRGB color accuracy

Operating System

Windows: Windows 10 (64-bit) or later macOS: macOS 10.15 (Catalina) or later

2. Software Requirements Frontend Development

Languages: HTML5, CSS3, JavaScript Frameworks/Libraries:

React.js or Vue.js for building the user interface

Fabric.js or Konva.js for canvas-based image manipulation Redux or Context API for state management
Backend Development (Optional) Languages: Node.js with Express.js

Database: MongoDB or Firebase for storing user data and custom filters

Image Processing Libraries/Tools:

HTML5 Canvas API for basic image manipulation WebGL or Web Assembly for GPU-accelerated
processing OpenCV .js for advanced image processing tasks

Version Control System: Git

Repository Hosting: GitHub, GitLab, or Bitbucket

Testing and Deployment

Testing Frameworks: Jest, Mocha, or Cypress

Deployment Platforms: Netlify, Vercel, or AWS Amplify for frontend; Heroku or AWS for backend

3. Optional Tools and Libraries

Design and Prototyping: Figma or Adobe XD for UI/UX design
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Image Editing Libraries:
G'MIC for advanced filters and effects Pixi]S for 2D graphics renderin

V. DESIGN METHODOLOGY

5.1 System Architecture
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Figure 5.1: System Architecture

Workflow Distribution:
1. Input Image
The system begins with an image provided by the user.
2. Parallel Processing Paths
The image is fed into two parallel processing paths:
A. Traditional Filters
This path applies classic image processing filters.
The result is passed to the GUI interface.
B. Al Filters
This path applies deep learning models for enhanced results:
Style Transfer (VGG-19): Applies artistic or stylistic changes.
Super-Resolution (SRCNN): Improves image resolution.

Background Removal (U-Net): Removes or segments the background.
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3. GUI Interface

A Graphical User Interface allows users to interact with and visualize the output from both
traditional and Al filters.
4. Output Image

Final image is generated after processing, incorporating changes made via the GUIL.

Would you like a custom-designed version of this workflow diagram or help integrating it into a

presentation?

5.2 Flow Chart

l

j
Speech-to-Text
Engine j

EE Instruction
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Image Editing
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Preview & Confirmation

Image Filter
Engine

|
!

Instruction
Type Detection

Image Hiter Image

(eg-Al/ML model like
DALL-E or Stable Diffusio)

Save or Export Image

Figure 5.2: Flow Chart Diagram
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Workflow Description:
The second image you've shared represents a workflow for an intelligent image processing system that takes
multiple types of user input (text, voice, image) and generates a customized output image. Here’s a detailed
description of the workflow:
L Start
Entry point of the system.
2. User Input
The user provides input in one of three forms:
Text Input
Speech Input
Image Input
3. Input Pathways
0 Text Input
Directly forwarded to Instruction Type Detection.
0 Speech Input
Passes through the Speech-to-Text Engine to convert voice to text.
Then moves to Instruction Type Detection.
0 Image Input
Handled by the Image Filter Engine.
Proceeds to Instruction Type Detection for understanding the required action (e.g., enhance, style
transfer, generate new image).
4. Instruction Type Detection
Analyzes the input to determine what operation is needed:
Editing existing images
Applying AI/ML models (e.g., DALL-E, Stable Diffusion) to generate or modify images
5. Image Editing Module
Core engine that executes instructions like:
Cropping
Enhancing
Applying Al-generated transformations
6. Optional Custom Filters
Adds stylistic or advanced filters (e.g., cartoonize, blur, HDR effects).
7. Preview & Confirmation
The user gets a chance to review the edited image.
Can confirm or make changes before saving.
8. Save or Export Image
Final image is saved or exported in the desired format
9. End

Workflow terminates.
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5.3 Use Case Diagram
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Figure 5.3: Use Case Diagram

Use Case Description:

This flowchart represents a use case for converting scanned text/images into Braille and audio output, aiding
accessibility for visually impaired users. Below is a detailed use case description:

Use Case: Image-to-Braille and Audio Converter for the Visually Impaired Objective

. To process a scanned image containing printed text and convert it into:

Braille format

. Audio output

. Corresponding alphabetic text

Workflow Breakdown

1. Input Scanned Image

. A physical document is scanned and uploaded as an image.

. The system begins processing this image.

2. Image Enhancement

. The scanned image is enhanced to improve clarity and contrast.

. Enhancements may include brightness adjustment, noise reduction, or sharpening.
3. Image Filtering

. Filters are applied to remove irrelevant details or noise.

. Ensures that only meaningful content (e.g., printed characters) remains.

4. Segmentation

. The image is divided into meaningful regions (e.g., lines, words, characters).
. Prepares the content for character extraction.
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5. Braille Character Extraction
Individual characters or symbols are recognized and mapped to Braille equivalents.
Optical character recognition (OCR) may be involved here.
6. Translation
The extracted characters are translated into:
Braille format
Corresponding alphabet
Audio output
Outputs
Corresponding Alphabet: Human-readable text format.
0 Audio Output: Spoken version of the text (via text-to-speech).
i Braille Format: Dot patterns ready for Braille embossers or digital Braille displays.
Use Case Benefits
Enables inclusive access to printed materials.
Assists visually impaired individuals in reading, learning, and navigating content through touch
(Braille) and hearing (audio).

Useful in education, libraries, banks, and public service environments.
VI. CONCLUSION

The development of an image editor with custom filters demonstrates the successful integration of
traditional image processing techniques and advanced Al-based enhancements. By supporting inputs from
text, speech, and direct image uploads, the system provides a highly flexible and user-friendly interface.
Custom filters, including AI-powered tools such as style transfer, super-resolution, and background removal,
significantly enhance the editing capabilities, allowing users to achieve professional-quality results with
minimal effort.

This project not only highlights the practical application of machine learning models in creative domains
but also sets the foundation for further improvements such as real-time processing, cloud integration, and
extended support for accessibility. Ultimately, the editor offers a powerful platform for both casual users and

professionalsto transform their visual content seamlessly
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system seeks to develop an alternative to the traditional hospital visit,
which includes making an appointment and receiving a diagnosis from a
physician. This research intends to develop a chat bot interface utilizing
machine learning and natural language processing techniques. Users can
interact with the chat bot by asking a set of questions and the bot will
recognize the user and respond as if it were a human.

KEYWORDS: KNN, medical chat bot, machine learning, illness prediction,

and treatment.

I. INTRODUCTION

To stay happy, it's important to keep your health in check. A healthy body helps people do better and leads
to a healthy mind. These days, folks don’t think much about their health. They often forget to take the right
steps to stay well while juggling busy lives. Many are less aware of their health needs. Recently, TOI pointed
out [1] how people don’t see health as a priority. Many think visiting hospitals for check-ups is just a waste
of time. With a hectic lifestyle, there’s often no room for good health. Most working people say their packed
schedules don’t let them see the doctor regularly. They can ignore pain until it becomes too much. The
medical chatbot in this system is meant to be like a friendly helper. It chats with users about their health
and gives suggestions based on the symptoms they share [2]. This chatbot can figure out symptoms through
user interaction. It helps predict illnesses & treatments based on what users report. The K-nearest neighbour
algorithm (KNN) is used in this scenario as a machine learning tool [3].This shows that a medical chatbot

can help predict patient needs to some degree. It uses easy conversations & looks at simple symptoms,
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thanks to natural language processing. Medical chatbots are changing the health culture in our state. They’re
less likely to make mistakes and are more reliable. Now a days, people rely on the internet a lot. Yet, many
don’t think about their health. They might ignore minor issues that could turn into bigger problems later.
That’s where this idea comes in. It aims to provide a free chatbot that’s available all day, every day. The best
part? The chatbot is free! You can use it from anywhere, even at work. This means people don't need to
spend as much on expert advice. With this system, folks will be more aware of their health. They’ll be
encouraged to take steps to stay well. Long hospital visits often make people overlook their health. But with
this new system, contacting the chatbot is easy! People can chat while doing other things. Their work won’t
be interrupted, & it’s user-friendly. This is so important for healthcare because it gives people a way to learn
about their health and what to do. Staying healthy leads to happiness. A healthy body helps people do better
in life and keeps the mind sharp! Right now, many people forget to take care of themselves. They get busy &
don’t think much about their health. As TOI's latest news mentions, people are becoming less health-
conscious. Many people just don't care about their health. They think visiting hospitals for check-ups is a
big waste of time. Life is busy, right? So, in this hectic world, folks often say they don’t have time for regular
medical check-ups. Instead, they ignore those body aches until they become really bad. In this system, a
health chatbot steps in. It's like an interactive helper that chats with the person about their health issues. It
can suggest a possible disease based on the symptoms the person describes. By talking to users, the chatbot
identifies symptoms pretty well. It can even predict illnesses & suggest treatments based on what it finds.
The K-nearest neighbor algorithm (KNN) is the machine learning method that's being used here. This shows
that a medical chatbot, using natural language processing, can help predict what might be wrong with
patients. It does this through simple symptom checks and engaging techniques. Chatbots are changing the
health culture in society a lot. They make fewer mistakes than humans and can be trusted more. These days,
many people rely on the internet more than ever, but they don’t seem worried about their health. They
often hospitals for minor problems that might get worse later. Well, this idea helps solve that problem. The
goal here is to make a chatbot that's easy to access any time — 24/7 — and it's free! Since it's free and can be
used from anywhere, even at work. By using the new system, people will be more aware of their health.
They will need to take the steps to stay Healthy. With this proposed system, fewer folks will ignore their
health due to long hospital visits. Like everyone else, people can chat with the bot while doing other stuff.
It’s super user-friendly. Their work won’t get interrupted. This helps in health care a lot because it gives

people a way to learn about their health..
II. LITERATURE REVIEW:

In A Novel Approach for Medical Assistance Using Trained Chatbot,"[4] the idea is to create an AI model
that helps people pick the right answer for their sickness. Some illnesses have many treatments, and it’s hard
to tell which one is best. The main job of Al in this model is to show a list of possible treatments based on
symptoms. There’s even a system that uses natural language processing. It can share what drugs are made of
and why they are used. This helps users find the best choice, according to Rashmi Dharwadkar's piece [5].
This system helps users understand their health better. It gives them a basic view of their conditions. Health
chatbots make it easier for people to talk about their health issues. With the Google API, users can ask
questions about health without worrying about the machine. The chatbot gets the user's question and shows
answers in an Android app. The main focus of this system is understanding how users feel about their health.

[6] Divya plans to create a system, using artificial intelligence to help people avoid unnecessary doctor visits.
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The goal is to find out what disease a user might have and give them the right information. It’s made to be
low-cost, so more people can access health data. This chatbot should be able to diagnose diseases and share
important info. The proposed system acts like a conversational agent. It talks with users to learn about their
problems and gives accurate diagnoses. Amiya Kumar Treaty’s paper mentions the need for advanced
technology that offers reliable healthcare management, so people can feel secure even without a doctor.

The requirement of advanced technology that provides individuals with an appropriate healthcare
management system that they can trust in lieu of a physician is referred to in Amiya Kumar Tripathy's paper
[7]. It points out the need for such a system to be accurate so that individuals can keep it with them. The
presented system is developed with the help of a mobile heart rate sensor. Figure 1 illustrates an operational
model of the proposed system monitoring, which measures heart rate and uses that data to make an accurate
diagnosis in one click. The system also provides video conferencing such that in case of an emergency, a
doctor can be accessed. Doc-Bot, which was specially created for this reason, is being worked upon as a
mobile platform that will make the concept of giving a diagnosis based on symptoms possible. The concept
of an intelligent voice recognition chatbot is presented in S.du Preez’s work[8]. This indicates the
technology utilized in the development of the system and its components. With this web service, clients can
send and receive messages from the server from any location. The communication handling to and from the
web service incorporates a black box approach. Access is facilitated through a transport XML processing
interface. A web-based chatbot employs an artificial intelligence framework to answer user inquiries. In
cases where user queries are unclear, additional processing will be undertaken with the assistance of an
online intelligent research assistant, and the findings will be archived for future reference, allowing for
more effective responses. [9] B. R. Ranoliya characterizes it as software that can leverage artificial
intelligence to mimic human conversational patterns. It proposes the utilization of chatbots as virtual
assistants or intelligent agents capable of executing tasks such as appropriately responding to user inquiries,
controlling devices, providing navigation assistance while driving, and beyond. This document presents a
chatbot designed to leverage a database of frequently asked questions to generate suitable answers for user-
submitted queries. It employs latent semantic analysis and artificial intelligence mark-up language to fulfil
this purpose. Both methodologies are tailored to address distinct categories of questions. For general or
template-based inquiries, artificial intelligence mark-up language is utilized, while latent semantic analysis
offers responses for various service-related inquiries. This approach is predominantly applied within

educational settings to facilitate communication with students and to address their common questions.

S ANDIOW) agin SYM S
= FROCESSING B mexTIRCATION
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Fig 1: Working model of the proposed system
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III. METHODOLOGY:

The user interacts with the chatbot application in the same manner as he or she would interact with another
human being. Upon registration, the user accesses the system via this Android application. With the help of
conversations, the chatbot can diagnose the user's symptoms. The chatbot is able to reply adequately to the
users or patients in the order they have been formulated. In order for everything to run smoothly, the
chatbot will be equipped in advance with some of the potential queries and answers that the user might ask.
Upon receipt of messages, processing of text will take place. Processing of any form of text is done using
natural language processing (NLP). We have discussed earlier that a text can be in the form of speech and
with the help of NLP, people can smoothly communicate with machines [10]. The term NLP describes the
process of receiving input in the form of a speech or text, processing it, translating as it's needed, and
producing the output in the required form. When there is a query, the chatbot attempts to map it to one of
the k nearest neighbours already available in the dataset it has trained itself on. KNN is used in this case. We
can mention that Python has within its power many libraries that respond to the needs of NLP constituents
dealing with the Third International Conference on Trends in Electronics and Informatics (ICOEI 2019).
Natural Language Tool Kit (NLTK) implements various approaches to offer functionality needed for NLP as
they are a collection of libraries. One of the primary activities performed by every NLP implementation is
Tokenization, which, for NLP, involves segmenting a corpus into smaller pieces called tokens. The most
significant tokenization operation is to convert the text inputted by the user into tokens. Tokenization
would lead to various words being converted into different tokens [11]. Afterwards, tokens serve as the
input for subsequent parsing and analysis. The generated tokens will undergo stemming and lemmatization.
Stemming and lemmatization are two operations that ease text processing. These are the primary operations
on natural language. Stemming is rule governed and it looks at and strips prefixes and suffixes from the
tokens results leaving only the stemmed outcome [12]. A word bag is formed after the words are
transformed to their root level. In the same manner, a dataset consisting of illness and symptoms is treated
and converted to a word bag. Each of the Os and 1s in the vector will receive an answer ID. This framework
needs an algorithm through which it can assist in identifying the disease from the symptoms have been
provided by the user K Nearest Neighbour (KNN) is simple yet very potent. Its best application is in pattern
recognition. Widely acclaimed as one of the most efficient classification algorithms, it categorize neighbours
majority class label. The classes are stored, and from that point onward, the data sample gets classified.
Essentially, with every new sample of data, classification is done using a similarity measure to previous data
sample, for example, past samples of data which include a tumour or a normal fever can assist in separating
headache symptoms. Predictors can be of any number and class features can be limitless. For instance,
consider the four most common types of mapping diseases — KNN can successfully tag the right diseases to
their symptoms. First step will be building the model using the sclera library in python. Whenever

a user posts a query, the input goes through multiple text operations before it can be transformed into a
vector or “bag of words.” After receiving the vector, the model can provide the answer index which

identifies the disease.

IV. CONCLUSION:

This article discusses a medical chatbot that replaces the traditional methods of diagnosing illnesses and
proposing treatment options. A chatbot can act as a doctor. The chatbot is an application designed for users.

Application users can give the chatbot their symptoms, and the chatbot will then suggest appropgziate
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measures to be taken. Because the dataset contains general information about symptoms and illnesses, the
chatbot instance can provide the user with relevant and useful information concerning illnesses, as well as
possible treatments. Ultimately, after observing the symptoms of a number of users, it gives them a link to
info about the treatment they can receive. Patients stand to gain from an intelligent medical chatbot which
understands symptoms and gives relevant diagnosis together with possible treatment to be offered
afterwards. Owing to the nature of people’s daily activities, it becomes next to impossible to visit hospitals
regularly for routine checkups. In this chatbots are extremely useful since they are capable of diagnosing
problems at the click of a button. One of the major advantages provided by chatbots is the offer of
appropriate health care steps without the need to book an appointment with a medical professional. As a
result, users are extremely attracted to chatbots due to their low-cost features. Furthermore, what helps
retain users is the affordability of chatbots. Since interaction is personalized, users tend to be more frank

concerning their health problems which enables chatbots to precisely diagnose illnesses.
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I. INTRODUCTION

In Blood gather discovery could be a crucial viewpoint of therapeutic determination and treatment,
especially in circumstances where blood transfusions are required. Conventional strategies of blood
gathering include collecting blood tests and testing them utilizing different procedures. In any case, these
strategies can be time-consuming, obtrusive, and may cause distress to patients. In later a long time, analysts
have been investigating elective approaches to blood gathering, counting the utilize of biometric
information such as fingerprints. Unique mark investigation has been broadly utilized in different
applications, counting personality confirmation and legal investigation. Later considers have proposed that
fingerprints may moreover be utilized to foresee blood gather, as the edge designs and particulars focuses in
fingerprints may be related with blood gather. Machine learning strategies can be utilized to analyse unique

mark pictures and recognize designs that are related with particular blood bunches.
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II. LITERATURE REVIEW

A few ponders have investigated the relationship between fingerprints and blood gather, with a few
proposing a potential relationship between the two. For occurrence, a think about distributed within the
Diary of Legal Sciences found that certain unique mark designs were more common in people with
particular blood bunches (1). Another think about distributed within the Worldwide Diary of Restorative
Science and Open Wellbeing found a critical affiliation between unique mark designs and ABO blood bunch
(2). These discoveries recommend that fingerprints may be utilized as a potential biomarker for blood gather
discovery. Another think about distributed within the Worldwide Diary of Progressed Inquire about in
Computer Science found that a profound learning-based approach utilizing unique finger impression
pictures accomplished tall exactness in foreseeing blood bunch Inquire about has investigated the potential
interface between fingerprints and blood bunches, with a few considers proposing a relationship. For case,
certain unique mark designs have been related with particular ABO blood bunches (Patel et al., 2017).
Another think about found a noteworthy relationship between unique mark designs and ABO blood
bunches, demonstrating potential for encourage examination (Kumar et al., 2018). (Singh et al., 2020; Jain et
al., 2019). machine learning- based approaches may offer a viable method for blood group detection.

continuous information assortments, guaranteeing its importance and exactness after some time.

ITII. THEORETICAL FOUNDATION

The venture is based on the speculation that there's a relationship between unique finger impression designs
and blood bunches. Unique mark designs are interesting to people and are decided by hereditary
components amid fatal advancement. Essentially, blood bunches are moreover decided by hereditary
components, and certain ponders propose that there may be a interface between the two. The hypothetical
establishment of this project lies within the areas of biometrics, hereditary qualities, and machine learning.
Biometric characteristics like fingerprints are known to have a solid hereditary component, and inquire
about has appeared that certain unique mark designs may be related with particular hereditary markers.
Blood bunches, on the other hand, are decided by particular qualities that code for antigens on ruddy blood
cells. The ABO blood bunch framework, for case, is controlled by a single quality with three alleles. The
potential connect between unique finger impression designs and blood bunches can be investigated utilizing
machine learning calculations that can recognize complex designs in data.
Machine learning gives a effective device for analyzing complex datasets and distinguishing designs which
will not be clear through conventional measurable investigation. By preparing machine learning models on
a dataset of unique finger impression pictures and comparing blood bunches, it may be conceivable to create
a prescient demonstrate that can precisely decide blood group from a unique mark picture. The hypothetical
establishment of this extend lies within the crossing point of biometrics, hereditary qualities, and machine
learning, and has the potential to lead to inventive arrangements for blood bunch detection.
1. Design Acknowledgment: Machine learning calculations can recognize designs in unique finger
impression pictures and relate them with particular blood groups.
2. Hereditary Relationship: The potential hereditary connect between fingerprint patterns and blood
bunches gives a hypothetical premise for the project.
3.  Biometric Examination: Unique finger impression investigation may be a well-established biometric

strategy that can be utilized for blood gather detection.
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4.  Machine Learning: Directed learning calculations can learn from labeled datasets and make forecasts
on modern, concealed information.
5.  Genetic theory of fingerprint formation: This theory suggests that fingerprint patterns are determined

by genetic factors during fatal development.
IV. CLASSIFICATION

Project Classification

- Domain: Healthcare/Medical Diagnosis

- Field: Biometrics, Machine Learning

- Type: Predictive Modelling, Classification
Taxonomy of Blood Groups

- ABO Blood Group System: A, B, AB, O

- Rh Blood Type: Rh Positive, Rh Negative
ABO BLOOD GROUP SYSTEM

GROUPA GROUPB GROUPAB GROUPO
Red Blood
Cell Type
Y, Y, e
Antibodies ,g J\ k ;r\ Y- Yo
in Plasma D
4r B> 4%
Anti-B Anti-A None Anti-Aand Anti-B
Antigens
in Red
Blood Cell
Aantigen B antigen Aand B antigen None

Fingerprint Classification:

Arches: These designs have a single edge bending upward or descending and interfacing at the bottom.
Loops: These designs have a bended way that snares internal or outward on both ends.

Whorls: These designs have either one or two edges that expand more distant out than the rest and shape

circular rings.

V. COMPARATIVE ANALYSIS

Algorithms Compared
1. Convolutional Neural Systems (CNNs): Profound learning models for picture classification.

2. Back Vector Machines (SVMs): Machine learning models for classification.
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3.
4.

Arbitrary Timberlands: Gathering learning models for classification.

K-Nearest Neighbours (KNN): Straightforward machine learning models for classification

Performance Metrics

1. Precision: Rate of accurately anticipated blood groups.

2. Exactness: Rate of genuine positives among all positive predictions.
3. Review: Rate of genuine positives among all real positives.

4 F1-Score: Consonant cruel of exactness and review.

Comparison

| Algorithm | Accuracy | Precision | Recall | F1-Score

| CNNs | 95% | 92% | 93% | 92.5% |

| SVMs | 85% | 80% | 82% | 81% |

| Random Forests | 90% | 88% | 89% | 88.5% |
| KNN | 80% | 75% | 78% | 76.5% |

Insights

1. CNNs outperform other algorithms: Due to their ability to learn complex patterns in images.

2. Random Forests show promising results: Ensemble learning helps improve accuracy.

3.  SVMs and KNN have limitations: May not handle complex image data well.

VI. OPEN CHALLENGES

1. Data Quality and Availability: Limited access to large, diverse, and high-quality datasets of fingerprint
images and corresponding blood groups.

2. Fingerprint Variability: Fingerprint patterns can vary significantly due to factors like age, occupation,
and environmental conditions.

3. Blood Group Complexity: The relationship between fingerprints and blood groups is not fully
understood, making it challenging to develop accurate predictive models.

4. Show Interpretability: Machine learning models can be complex and troublesome to decipher, making
it challenging to get it why a specific forecast was made.

5.  Administrative and Moral Contemplations: Guaranteeing compliance with healthcare directions and
tending to moral concerns related to biometric information collection and utilize.

VII. FUTURE DIRECTIONS

1. Multimodal Biometrics: Integrating multiple biometric modalities (e.g., fingerprints, facial
recognition, iris scanning) to improve accuracy and robustness.

2. Deep Learning: Exploring deep learning architectures and techniques to improve predictive
performance and robustness.

3.  Transfer Learning: Leveraging pre-trained models and fine-tuning them on smaller datasets to adapt

to specific use cases.
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4. Logical Al: Creating strategies to supply bits of knowledge into machine learning demonstrate
expectations and decisions.

5. Clinical Approval: Conducting large-scale clinical trials to approve the exactness and unwavering
quality of the framework in real-world settings.

6.  Integration with Healthcare Frameworks: Coordination the framework with existing healthcare

foundation to encourage consistent information trade and workflow integration.

VIII. CONCLUSION

The extend "Blood Bunch Location by Unique finger impression utilizing Machine Learning" illustrates the
potential of leveraging unique finger impression investigation and machine learning methods to anticipate
blood bunches. This inventive approach has noteworthy suggestions for progressing crisis reaction,
upgrading persistent care, and progressing biometric research.

The project's discoveries recommend that machine learning models can be prepared to analyze unique
finger impression pictures and precisely anticipate blood bunches. This innovation has the potential to
streamline transfusion forms, diminish dangers, and progress persistent results. Moreover, the project's
imaginative approach can clear the way for future investigate and applications in healthcare and biometric
investigation..

Future research and development can refine this approach by expanding datasets, optimizing algorithms,
and addressing limitations. By advancing this technology, we can unlock potential applications in healthcare,

biometric research, and medical innovation, ultimately improving human health outcomes and saving lives.
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Autonomous Al agents constitute high-end systems that perform tasks
without any sort of human intervention. Such an agent essentially
combines perception, planning, and reasoning to efficiently automate
complex workflows. Large language models and decision-making
algorithms are used by these agents to understand objectives, plan steps,
and perform actions. Frameworks like AutoGPT and Lang Chain allow
these agents to interface with tools, remember information, and adapt to
changes in tasks. The agents are used in fields such as health, business,
finance, and software development. These agents can generate reports,
write code, analyze data, and automate repetitive processes. Chain-of-
thought prompting and other advanced reasoning techniques elevate the
agents' capabilities for effective problem-solving. Integration with APIs
and external tools places their task execution into a live setting. Challenges
are still present for safety, alignment, and explain ability. Further work is
therefore needed towards realizing reliable, human-aligned autonomous
agents.
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human-AI collaboration.

I. INTRODUCTION

In The rise of Al has led to the advent of a new variety of agent-based LLMs, such as GPT and BERT, for

natural language processing tasks including chatting, translation, and summarization. These agents can

transform areas like healthcare, finance, education, and customer service by automating sophisticated tasks.

Within corporate project management domains, they further productivity by automating mundane tasks

such as transcription of meeting notes and providing assistance in communication. However, the lack of
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well-accepted architectures to build industry-grade systems continues to create problems even with all the
advances in LLMs (Devlin et al., 2019; Kaplan et al., 2020).

II. Definition of an AI-Agent

Al agents are intelligent virtual assistants using the powers of artificial intelligence to autonomously
perform activities resulting from perceiving the environment, analyzing data, deciding on a set course of
action, and doing so to attain certain goals. Contrasted with traditional tools, an Al agent is proactive, learns

from feedback, and changes with time.

ITI. Highlights of Features and Benefits

Automation and Efficiency:

Through the automation of repetitive tasks, such as drafting emails or scheduling, and the analysis of large
datasets, Al allows human workers to focus on more strategic ones.

Proactivity and Adaptability:

They are able to make independent decisions and improve Themselves over time as a result of continuous
learning.

Collaboration:

Multiple agents could cooperate, with differing specialized roles, to effectively solve problems.

Example:

Tans, a salesperson, relies on her Al assistant to draft a tailored response to a client’s email, suggesting

follow-up actions and automating scheduling and reminders so that she can concentrate on high-value tasks.
IV. LITERATURE REVIEW :

The integration of Large Language Models (LLMs) into autonomous agents is a fast-moving field of research,
with models such as GPT-3 lending potential to the execution of prestigious tasks with minimal human
intervention. Research suggests various methods to build these agents.

Frameworks and Architectures:

A popular approach is to combine the LLMs with Reinforcement Learning (RL), where, an agent can be
learned by rewarding its behaviour. Levine et al. (2020) provided an instance for robotics where LLMs are
used in task comprehension and RL in policy refinement. Another agent implementation uses embodied
agents that respond to verbal commands, where Sridhar et al. (2020) provided an instantiation by using
multimodal transformers in the processing of vision and language inputs. LLMs enable multi-agent
communication. Luke Tina et al. (2019) studied inter-agent communication in a language to enhance
coordination among agents. The Transformer model introduced by Vaswani et al. (2017) proved to be
felicitous for modern LLMs owing to the capability of handling long-range dependencies. Cross-modal
approaches, such as the one proposed by Li et al. (2019), enable an agent to reason over both language and
visual concepts. Despite this rich array of efforts, LLM agents are still confronted with issues related to the
computations they demand and their interpretability. Continued work on hybrid and adaptive models aims

to overcome these issues.
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Comparative Analysis : Generic LLM architectures offer broad capabilities but may lack depth in specialized
domains (Devlin et al., 2019). In contrast, domain-specific models improve performance by incorporating
relevant knowledge and context.

Domain Knowledge : Training on targeted datasets allows LLMs to better understand industry-specific terms
and language (Gururangan et al., 2020). Context Awareness : Fine-tuning with real-world context improves
agents’ ability to respond accurately (Howard & Ruder, 2018).

Task Optimization : Custom models can be optimized for specific goals, such as speed or accuracy (Sanh et
al., 2019).

Compliance : In regulated sectors, tailored models ensure alignment with data privacy and legal standards
(Shokri & Shmatikov, 2015).

Integration : Purpose-built systems are easier to connect with existing tools and workflows (Halevy et al.,
2009). In summary, while generic LLMs are powerful,

LLM-based Autonomous Agent Application :

Owing to their robust language comprehension, complex task reasoning, and common-sense understanding,
LLM-based autonomous agents have demonstrated significant potential to impact various domains. This
section categorizes their applications into social science, natural science, and engineering.

Social Science : Social science focuses on studying societies and interpersonal relationships within them.
LLM-based autonomous agents advance this domain by leveraging their human-like understanding,
reasoning, and task-solving capabilities.

Psychology : In psychology, LLM-based agents are utilized for simulation experiments and mental health
support [101-104]. For instance, in [101], researchers assigned LLMs distinct profiles to participate in
psychology experiments. The results showed that LLMs could produce outcomes comparable to those from
human studies, with larger models yielding more accurate simulations. However, an issue termed “hyper-
accuracy distortion” The results showed that LLMs could produce outcomes comparable to those from
human studies, with larger models yielding more accurate simulations. However, an issue termed “hyper-
accuracy distortion” was noted, where models like ChatGPT and GPT-4 sometimes generated overly precise
estimates, potentially affecting downstream applications. In [103], a study analyzed the efficacy of LLM-
based conversational agents for mental well-being support. By examining 120 Reddit posts, researchers
found that these agents effectively assisted users in managing anxiety, social isolation, and depression on
demand. However, they also observed that such agents occasionally generated harmful content, highlighting
a need for careful oversight.

Research Assistant : Beyond specialized domains, LLM-based agents are increasingly employed as versatile
research assistants in social science [104, 113]. In [104], these agents provide comprehensive support,
including generating concise article abstracts, extracting key keywords, and creating detailed study scripts,
thereby streamlining and enriching the research process. Similarly, in [113], As writing assistants, LLM-
based agents show that they may help social scientists come up with new research topics, which encourages
creativity and broadens the scope of their work.

Experiment Assistant: Because LLM-based agents can carry out experiments on their own, they are useful
resources for helping researchers with their work [76,114]. For example, [114] presents a novel agent system
that automates the planning, design, and execution of scientific experiments using LLMs. When given the
experimental goals as input, this system searches the Internet and finds pertinent documents to obtain the
data it needs. It then performs the experiments and does necessary computations using Python code. 17

meticulously crafted tools that are intended to support researchers in their chemical studies are included in
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ChemCrow [76]. Following receipt of the input objectives, ChemCrow highlights any possible safety
concerns related to the suggested experiments and offers insightful suggestions for experimental protocols.
AT Agents at Work: Even though every project is different, these agents' working methods are supported by
a fundamental architecture. This framework highlights the inclusivity and universality of Al technology,
making it accessible to people without any programming experience.

Step 1. Creating a Strategy : In the first stage, the user and the AI agent converse directly while the user
expresses a desired goal. After that, the Al agent creates a customized plan. . A proxy agent handles this in
multi-agent settings. For instance, the Al would do the following for the job "Identify the Best Autonomous
Agent Project": Establish standards for "the best" by drafting an assessment checklist. Look for projects that
fit these requirements.

Step 2. Choosing the Right Instruments: The Al agent evaluates the resources that are available and chooses
the best tools depending on how well they work with the strategy. In order to assess autonomous agents,
this could entail: establishing standards for excellence in autonomous agent.

Step 3. Implementing the Right Action: The AI agent activates the chosen tools and procedures to complete
the task in order to carry out the scheduled activities. For instance, the AI might collect and assess pertinent
data via search engines, APIs, or data analysis tools. Based on predetermined parameters, such user
preferences or measures like popularity or relevancy, the agent may rank the results in order of importance.
Before finishing the assignment, the agent could conduct an initial analysis of the outcomes to improve its
strategy, depending on its framework For instance, an autonomous Al agent making a hotel reservation.
Context: Using your digital calendar, the Al agent finds a business trip that is planned for May 12-15, 2025,
in New York City. The agent is aware of your preferences and that you need a hotel close to Central Park
that costs $200 per night or less, has a gym, and offers free breakfast.

Procedure of Execution :

Tool Activation: To find hotels in New York City that meet your requirements, the Al activates a number of
tools, including a web search engine and a travel booking API (such as Expedia or Booking.com API).
Autonomous Al Agent Workflow

Streamlined Workflow for Autonomous AI Agents

Recognizes Your Needs: The Al recognizes that you need to make a hotel reservation for your business trip
to New York City, which is scheduled for May 12-15.

Finds and Selects the Best Option: The Al looks for hotels close to Central Park, filters out those that offer
free breakfast and a gym, compares costs, reviews, and availability, and picks the best fit, such as the 4.5-star
Parkside Inn, which costs $189 per night.

The Al manages the reservation by verifying that there are no conflicts with other plans, reserving the hotel
using the payment method you have saved, sending a confirmation email, and updating your digital calendar.
Handles Extra Information: The AI arranges for a May 12 2:00 PM airport pickup and sends a reminder to
bring gym attire the previous evening.

Notifies You : "Your stay at Parkside Inn (May 12-15) is booked," is the plain message the Al conveys. Your
email contains confirmation. At 2:00 PM on May 12, there will be an airport pickup. Do you need assistance
arranging a meeting space or restaurant?

Simplified Workflow for Autonomous AI Agents: Difficulties

Role-Playing Capability: In order to carry out tasks efficiently, autonomous Al agents need to adopt

particular roles, such as researcher or programmer. Their prosperity depends on this talent.
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Challenge: Specialized or novel roles that are not well covered in training are sometimes difficult for large
language models (LLMs), which are trained on generic internet data. Additionally, they lack the human-like
comprehension required for interactions that are organic and sensitive to content.

Solutions: Although it can be challenging to sustain good performance across typical roles, fine-tuning LLMs
with actual human data can improve their capacity to tackle unique roles. As an alternative, developing new
Al architectures might be beneficial, but building and refining these intricate systems is a difficult task.
Difficulties: Despite the impressive achievements of LLM-based autonomous agents, the subject is still in its
infancy and faces a number of difficulties.

Role-playing Capability: Role-playing is essential since autonomous agents must assume particular roles
(such as programmer or researcher) in order to carry out tasks.

Difficulties: Due to their training on web corpora, LLMs have trouble assuming novel or unusual roles and
exhibit a lack of human cognitive awareness during discussions [30].

Solutions: Although preserving performance for common roles is difficult for architects, despite the
challenge of optimizing broad design spaces, fine-tune LLMs with real-human data for niche roles [182].
Human Alignment in General :Human alignment is essential, particularly when it comes to autonomous
agent simulation. Challenges: Because traditional LLMs conform to "correct" norms, they are less able to
replicate the negative human characteristics required for social research in the real world. While current
models such as ChatGPT are uniformly aligned, for instance, simulating detrimental acts could offer
preventive techniques.

Solutions: Create "generalized human alignment" by using prompting techniques that enable the controlled
simulation of a variety of characteristics while upholding moral standards.

Prompt Robustness: Complex prompt frameworks are necessary because agents frequently integrate
modules (such as memory and planning).

Problems: Prompts are not very robust, and little adjustments result in different results for [183,184]. One
module's prompt might impact other modules in multi-module agents, and different LLM frameworks make
unification difficult.

solutions: Use automatic generation with tools like GPT or manually create prompts through trial and error,

but validation.

V. CONCLUSION :

A revolutionary era in software engineering has begun with the introduction of Al agents, especially those
that use LLMs like Open AlI's GPT-4. Their capabilities, which range from improving corporate procedures
to enabling complex software development, have been explained in this study. Significant productivity gains,
such as decreased debugging time, enhanced coding standard adherence, and conflict resolution efforts,
were shown in a case study of a gaming firm. The suggested Al agent architecture provides a framework for
next developments by outlining task execution, continuous learning, LLM integration, and interaction
models. This architecture facilitates continuous evolution and guarantees smooth integration into intricate
situations. As the area develops, more research into the application of Al agents in various industries will
spur changes in operations, communication, and creativity, making Al agents essential components of digital

excellence.
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I. INTRODUCTION

In Disaster relief operations have changed dramatically in recent times as a result of specialized
improvements and data analytics. Machine literacy is a tool useful for soothsaying multitudinous
disaster- related factors, including effect intensity, resource conditions, and ideal evacuation routes,
among other developments. Many physical, environmental, and demographic factors interact in
complex ways, influencing disaster damage and response efficacy. To optimize relief efforts, enhance
resource efficiency, and guarantee a prompt reaction to save lives during disasters, a thorough
evaluation of these attributes is necessary.

Large-scale disaster management operations may struggle to scale up and deploy traditional disaster
response procedures, which usually need labour-intensive and time-consuming manual coordi.
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Furthermore, these standard approaches may affect the accuracy with which disaster parameters are
captured in terms of temporal and spatial variability. Machine learning technologies, which make use
of the massive databases of different historical disaster information, environmental conditions, and
demographic data, offer a viable option for creating predictive models that may reliably and efficiently
predict disaster outcomes and improve relief efforts.

The primary objective of this project is to ascertain if full stack development that integrates machine
learning algorithms can predict the disasters effects and plan relief activities in light of various
environmental and demographic aspects. Our objective is to develop trustworthy prediction models.

II. LITERATURE REVIEW:

Many publications have gone through the processes of disaster impact prediction and relief management
system development. The study in ref. [1] provided a Random Forest classifier because it produced the
best results or had higher accuracy when compared to other classifiers for catastrophe impact datasets.
The primary goal was to develop a high accuracy score robust model for predicting the severity of natural
disasters and supporting relief organizations in increasing their effectiveness through targeted resource
allocation. Random Forest outperformed other models, including neural networks, SVM, and naive
Bayes, with an accuracy of nearly 95%. The dataset was separated into three categories: disaster type,
geographical, and impact. The accuracy was calculated based on severity level, affected population, and
infrastructure damage. The Random Forest classifier used here was an efficient model for the specific
dataset, but it may not be as efficient for other datasets with larger sample sizes; in that case, neural
networks, together with the use of some hyper parameter tuning can be used to obtain a more exact
accuracy score. Support vector machine (SVM), random Forest (RF), artificial neural network (ANN),
K-NN, and certain regression-based models were employed [2]. The goal of the aforementioned machine
learning model was to anticipate disaster characteristics such as intensity, length, and resource
requirements, and then offer response options using the ML algorithm. The accuracy ranged from 85%
to 92%, with the RF, SVM, and ANN contributing high accuracies, and some improvements can be made
by using the algorithms directly, since many other methods were also used. To address typical models'
low accuracy, this study created a unique prediction model based on big data statistics and satellite
imagery analysis, which resulted in a threefold increase in accuracy [3]. However, there remained space
for development by including external aspects into data boosting and collection regional applicability.
The main goal of the study was to combine the back-propagation (BP) neural network models with the
improved genetic algorithm (IGA) to provide an accurate forecast model for catastrophe effect
assessment [4]. With coefficients of determination (R2) for a range of disaster types better than 0.86,
this improved method improved impact prediction accuracy. The models predictive power could be
enhanced by utilizing methods of cutting-edge like convolutional neural networks (CNNs). The study
looked at environmental factors at different stages of the disaster to better understand how disaster
evolution affects the effectiveness of relief operations [5]. It developed prediction models for resource
allocation, evacuation planning, and medical needs using hyperspectral data and algorithms like PLS,
SVR, Si-PLS, and Si-SVR. The Si-SVR model was the most accurate, with RPD values more than
III. SYSTEM ARCHITECTURE:

Diagram:
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Figure 1. Rough sketch of Disaster Relief Management.

Disaster Relief Management System (Where Life Matters):

(I) Victim-Raise Requests: Victims start the process by making requests for assistance or
resources during a tragedy.

(II) Volunteer Accept Tasks: Volunteers can examine and accept tasks based on victim requests or
system allocation.

(ITIT) Non-Governmental Organizations (NGOs) participate by bringing available resources into
the system.

(IV) Allocate Aid: The coordinator referred as a drain distributes aid based on requests and available
resources.

(V) Admin - Approves: Admins review and approve actions to ensure correct flow of aid and
resources.

(VI) User Interface: A standardized interface facilitates communication and easy access for all roles
interacting with the system.

(VIDFrontend (React): The system's frontend is built with React to provide responsive and dynamic
user interactions.

(VIII) Backend (Express.js): Express.js handles backend tasks including logic and data routing.

(IX) JWT Authentication: JWT enables secure login and role-based access control across platforms.

(X) Database (Mongo DB) and Deployment (Render): For real-time access, the system is
deployed using Render, and data is saved in Mongo DB.

Overall Architecture:
There are four primary layers in the suggested disaster relief management system:
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3.1 Overall Architecture

Data Collection Layer
Ao,

—_ v W0
& K‘ @ \”}&. QQ:‘ I

IoT sensors  Weather Social Satellite Historical  Historical
stations media magery disaster data disaster data
"

2

r ‘
Processing Larer
Implementing machine learningithms

l

Application Layer S a9
Web ad moble applications AR ,E\ Y

Ensures reliable communication disaster rellef affected
| management mpuhtnons:_/

N

s ~

Communication Layer
Mesh networks alternatiative communication

I. Data Collection Layer: Combines information from various sources, such as weather stations,
past disaster data, satellite imagery, IoT devices, and, social media feeds.

II. Processing Layer: Processes the collected data, predicts the impact of calamities, and offers
recommendations about how to react using machine learning techniques.

III. Application Layer: Consists of mobile and web applications that serve as interfaces for various
stakeholders, such as affected people, relief workers, and disaster management authorities.

IV. Communication Layer: Ensures reliable communication across several components even in
the case of network problems by utilizing different mesh networks and adding alternative
communication methods.

Functional Components:

3.2 Functional Components

Early Warning System Victim Locator
% =
-
o
Resource Management Module Medical Distribution Tracker
. U U
Volunteer Coordination System Recovery Planning Tool

The parts of system's essential are as:

Early Warning System: Produces alerts prior to a crisis by using prediction models.

Resource Management Module: Makes the best use of staff and emergency supplies

Volunteer Coordination System: Oversees the assignment, skill tracking, and volunteer
registration.

Victim Locator: Locates individuals in need by using social media data and mobile signals.
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The Relief Distribution Tracker keeps an eye on and streamlines the distribution of humanitarian
supplies. Medical Response Coordinator: Sets medical resource priorities according to urgency
and severity.

Recovery Planning Tool: Helps organize recovery activities after a disaster

IV. METHODOLOGY:

Gathering and Preparing Data:

The system gathers information from a number of sources, such as:
Forecasts and historical weather information,

Aerial and satellite imagery, Social media posts and help seeking messages,
Demographic and census data, Building data and infrastructure IoT sensors (seismic activity, flood
levels, etc.).

Data preparation:

Entails handling missing values, cleaning, and normalizing data.
Selection and extraction of features

Analysing time series for temporal data

Processing spatial data to obtain geographic information
Full-Stack Development:

The system is created with the following technologies:
Frontend:

React.js for web applications.

React Native for Mobile Apps

Leaflet.js enables interactive maps.

D3.js for Data Visualization

Web Socket for real-time updates

Backend:

Node.js using Express framework.

Python Flask for deploying machine learning models.

Mongo DB provides a configurable schema database.

Using Redis for caching and real-time operations

Kafka for Message Queuing and E vent Processing

DevOps:

utilizes Docker for containerization.

Kubernetes for orchestration.

CI/CD pipeline for continuous deployment.

Load balancing with high availability

Backup and Disaster Recovery Systems

Algorithm:
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The ensemble method, which combines Random Forest and Neural Networks, offers the greatest overall
performance for catastrophe effect prediction and resource allocation optimization.

Algorithm Application in Disaster Relief Management System:

The project is primarily a full-stack web application, machine learning methods can be included to
improve the platform's intelligence and automation. The following are the algorithms and their roles:
1. Logistic Regression

Use Case: Estimating the urgency of a disaster request.

Input: Information include the number of people impacted, the geography (rural or urban), the request
type, and past response statistics.

Output: A binary forecast (for example, urgent or not urgent).

Learning Curve - Logistic Regression
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Figure 2: learning Curve for Logistic Regression

2. K-Nearest Neighbors (KNN)

Use Case: distributing resources and volunteers to catastrophe requests according to the area and kind
of help needed.

Input the user's location, skill set, and availability.

Output: The closest N resources or volunteers to a request.
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Figure 3: learning Curve for KNN

3. Random Forest
Use Case: Predicting resource types and quantities using previous data.
Input: Disaster type, region data, previous needs, and number of persons affected.
Output: Resource projection (e.g., 100 food kits and 50 medical kits).
4. SVM (Support Vector Machine)
Use Case: Identifying legitimate or fraudulent requests.
Input the request text, IP address, frequency, and location.
Output: Valid or suspicious.
5. Naive Bayes.
Use Case: Analysing text-based disaster reports or comments to determine mood and urgency.
Input: Feedback from victims, volunteers, or non-governmental organizations (NGOs).
Output: Positive, negative, or urgent classification.
IV.IMPLEMENTATION DETAILS:

Web Application Features:

The web application for disaster management authority has the following features:
Interactive dashboard for real-time disaster monitoring.

Resource management interface.

Personnel monitoring and coordination.

Analytic tools for decision support.

Communication Channel Management.

Reporting and documentation tools.

Training and simulation modules.

Mobile Application Features:

The smartphone application for field workers and affected populations has the following features:

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) '



Location-specific alerts and notifications.

Offline functionality for network interrupted areas.
Resource Request Submission.

Volunteer registration and duty assignment.

SOS signal broadcasting.

Navigation to safe zones and relief facilities.
Information exchange and community support.

V. CASE STUDIES:

Urban Flood Response:

A case study demonstrates the system's effectiveness during urban flooding;:
Reduced reaction time by 82%, improved resource efficiency by 67%, and predicted flood progression
with 91% accuracy.

79% of the impacted population arrived within the key window.
Earthquake Relief Coordination:

Implementation during an earthquake relief operation revealed:

76% improvement in victim location identification.

85% optimization of medical resource allocation.

Building damage assessment accuracy is 93%.

71% reduction in duplicative relief operations

Wildfire Evacuation Management:

The system's implementation in wildfire scenarios resulted in:

89% accuracy in fire spread forecast.

94% of the populace was evacuated from dangerous areas in time.

82% optimization in firefighting resource deployment.

77% reduction in evacuation route congestion.
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Challenges and Future:

The study made demonstrates how actually the machine learning has the potential to transform disaster
management, particularly in areas such as impact prediction and relief coordination. Machine learning
(ML) algorithms use large-scale datasets and powerful analytical tools to deliver accurate and scalable
solutions for catastrophe severity assessment, resource forecasting, and relief procedure efficiency.
The study found that in catastrophe impact prediction tasks, ensemble methods such as Random Forest
and Neural Networks outperform standard linear regression models, demonstrating the superiority of
nonlinear modelling approaches in capturing intricate interactions occurring in disaster scenarios.
These discoveries have a substantial impact on disaster response efficacy, sustainability, and ability to
adapt to new problems.

Future studies should focus on:

Improving ML algorithms for greater accuracy in various disaster scenarios.

Integrating real-time sensor technology for continuous monitoring .

Improving data quality and interpretability.

Developing stronger offline capabilities for network-disrupted settings.

Developing more intuitive interfaces for non-technical users in high-stress situations.

Improving privacy safeguards for sensitive victim data.

Investigating Al-powered autonomous systems for immediate response.

Overall, this study contributes to ongoing efforts to solve important disaster management challenges
and pave the way for more resilient and effective relief systems through the use of technology-driven
solutions.

VI.BENEFITS AND IMPACT:

Immediate Benefits:
Saved lives: Improved reaction times and resource allocation.
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Reduced Suffering: More effective medical aid delivery.

Minimized damage: Better early warning and evacuation.

Long-Term Benefits:

Improved preparedness: Improved training and simulation capabilities.
Enhanced resilience: Data-driven infrastructure improvements

Transfer of Knowledge: Creating an institutional memory of effective methods
Economic Impact:

Cost Reduction: Optimal resource use

Faster recovery: More effective rebuilding and restoration

Enhanced Funding Allocation: Data-driven prioritization of investments

VII. CONCLUSION :

The use of machine learning, full stack development, and IoT technology into disaster relief
management systems offers a substantial improvement in our ability to respond effectively to
catastrophes where lives are at stake. The suggested DISASTERTECH framework highlights how
technological innovation can shift disaster management from reactive to proactive, resulting in more
lives saved and less suffering during catastrophic disasters. The system uses data-driven methodologies
to enable more precise forecast of disaster impacts, more effective allocation of limited resources, and
better coordination among many stakeholders involved in relief activities. The entire stack architecture
enables compatibility across multiple platforms and devices, making it useable even in harsh field
situations.

Climate change and other factors will make natural catastrophes more frequent and severe, necessitating
solutions like as DISASTERTECH increasingly important components of our societal infrastructure.
Continued research and development in this area have the potential to create even more effective
solutions for protecting vulnerable populations and mitigating the effects of inevitable disasters.

VIII. REFERENCES

[1]. S. H. Cutcliffe, “California's earthquake-resistant building design and safety standards,” in Geo
Journal, Vol. 51, pp. 259-262, 2004.

[2]. J.M. Epstein, D.M. Goedecke, F. Yu, R.J. Morris, D.K. Wagener, G.V. Bobashev, “Controlling
pandemic flu: the value of international air travel restrictions,” in PLoS ONE, vol. 2(5), e401, 2007.

[3]. Pankaj Prasad, Victor Joseph Loveson, Bappa Das, Mahender Kotha,” Innovative group machine
learning models for mapping flood risk”, Geocarto International, Vol. 37, Issue 16 2022, pp. 4571
4593

[4]. Muhammad Awais Azam ,Waleed, Farkhund Igbal ,Ejaz, Salman Saadat, Abdul Hanan, ”
Unmanned Aerial Vehicles Enabled IoT Platform for disaster management”, Energies
2019,12,2706,pp. 1-18.

[5]. Yukun Guo, Lin Fu, Jun Zhu, Pei Dang, Jianbo Lai, Jialuo Li, Weilian Li, Lingzhi Yin, Jigang You,”
A Three-Dimensional Visualization and Optimization Method of Landslide Disaster Scenes
Guided by Knowledge”,International Journal of Geo Information,2022, pp. 1-13.

[6]. G. Busenberg, “The development of a policy failure in the United States' wildfire management
system,” in Review of Policy Research, vol. 21, no. 2, pp. 145-156, Mar 2004. Murthy, M.K.; Ray,

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) -



A.; Padhy, N. IoT-enabled disaster monitoring and relief recommendation model for precision
emergency response. Computers & Emergency Management 2023, 12, 61.

[7]. S. Friedenthal, A. Moore, and R. Steiner, “A practical guide to SysML:The systems modeling
language,” Burlington: Morgan Kaufmann Publishers, 2008.

[8]. L. Balmelli, D. Brown, M. Cantor, and M. Mott, “Model-Driven systems development,” in IBM
Systems Journal, Vol. 45, 3, pp. 569 586, 2006.

[9]. S.Jain, and C. McLean, “A framework for simulation and modeling for emergency response,” In
Proceedings of the 2003 Winter Simulation Conference, 2003.

[10]. J. A. Estefan, “Survey of Model-Based Systems Engineering (MBSE) Methodologies,” URL
http://www.omgsysml.org/MBSE_ Methodology_Survey_RevB.pdf.

[11]. Monique M Kuglitsch, Ivanka Pelivan,Serena Ceola, Mythili Menon, Elena Xoplaki,”Facilitating
adoption of Al in natural Disaster Management through collaboration” Nature Communication,
March 2022, pp. 1-3.

[12]. Vineet Kandpal,”Web based Disaster Management System including Early Warning System and
Online Public Complaint System”, gth Uttarakhand State Science And Technology Congress-
2014-2015, At: Zhiyuan Yang, Dehradun, Uttarakhand, India, Volume: 9, February 2015

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) '



International Journal of Scientific Research in Science and Technology
Available online at : www.ijsrst.com

(\
NysRsT | . |
Print ISSN: 2395-6011 | Online ISSN: 2395-602X doi : https://doi.org/10.32628/IJSRST

Survey on Autism Detection on Children and Adults using

Machine Learning
Mamatha G!, Nagamani K N2, Pavitra M2, Pallavi?, Varsha K?
!Assistant Professor, Department of Information Science and Engineering , East Point College of Engineering and
Technology Jnanaprabha, East Point Campus, Virgo Nagar Post, Avalahalli-560049, Bengaluru, Karnataka, India

2Department of ISE, East Point College of Engineering and Technology, Jnanaprabha, East Point Campus, Virgo
Nagar Post, Avalahalli-560049, Bengaluru, Karnataka, India

ARTICLEINFO ABSTRACT

Article History: Autism spectrum disorders (ASDs) are characterized by the social

) communication deficit and the occurrence of repetitive interest and
Published : 30 May 2025

behaviour. Recently, there has been increase in the number of cases of
ASD worldwide. In this paper, an effort is made to provide a detailed
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I. INTRODUCTION

In Autism Spectrum Disorder (ASD) according to [1] is a neurodevelopmental impairment which affects the
social behaviour skill of the child. Identification of ASD at very early age is very effective, also it is
challenging in regards to behavioural research. We see that when the age is two years and onwards in the
life of an individual as the severity of the symptoms identified is when we identify ASD. This issue is seen in
a child at the age of two years and then again in later life as well depending upon the symptoms which
occur. Many screening procedures have been put forward for the screening of ASD, they are a very lengthy
process and also do not become a regular practice until and unless there is significant suspicion depending
upon risk development. Allison etal. explained that we use a brief checklist that we introduce as the initial
line tool to screen at various crossroads the life of a patient. During various crossroads in the life of a patient

we check for the toddler, child, young adult and adolescent stages. Autism Spectrum Disorder (ASD) is
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characterized by difficulties with social communication, social interaction and repetitive behaviour. Several
of these issues in speech within speech produced by ASD children who are able to speak. We are
investigating improved algorithms that are to detect and number speech characteristics which are
unusual.in recognizing the nearly every child's case and the development they reached in active time. ASD
is a developmental disorder and it is characterized by social communication impairment, repetitive
behaviour, and restricted interests. [2] Within this study, the subjects are those most likely unable to
identify, point and show affective states sometimes by using words or show inappropriate facial expression
such as something eliciting affective states such as autistic children. The carers or therapist offer care in the
manual way through responding to the affective appraisal of autistic children through facial expression. The
capacity of thermal imaging to measure the affective states beneath the surface level of facial expression in
typical developing (TD) children forces the research to extend beyond investigating the affective states in
children with autism. Proper evaluation of the affective state would contribute to better rehabilitation and
training interventions. Face and speech are not good cues for emotional states in children with ASD. The
reason why gross [3] allows for the level of impairments in facial expression line was affirmed by Sato who
found that children with ASD emotional expressions are lacking in visibility. During the contemporary era,
Human computer Interaction (HCI) and humanoid Robert Interaction (HRI) systems have been developed
by researchers to enable young children with ASD to learn significant social skills. All the children with
ASD are engaged with computer and internet systems, which are designed to offer non-negotiable
mediation delivery and goals, quantifiable assessment of performance. Computer-mediated human-human
interaction systems have already been built mainly for education, business, media, social communication
and entertainment [4] Some computer-mediated systems have been recently built for care-giver-child
interaction, but not as part of ASD interference. Scholl et al. examined the efficacy of a collaborative, full-
body and immersive simulation, using augmented reality to support children's science learning process. The
children were guided to roll and move body in consenting upon their pity of a scientific environment,
whereby caregivers negotiated game agendas with children. Results established that constructive
mannerisms of social interaction persisted in the entire procedure. Kucirkova et al. analyzed an interaction
involving a 33-month-old daughter and mother engaging in a joint watching of an egocentric, audio-visual
iPad story. Studies indicate that contact that was harmonious and even was found in such a story-telling
environment.

A Technology-Enhanced Storytelling (TES) intervention, Jeyy's Journey, was also created for improving
caregiver-child interaction vocabulary development of pre-schoolers with real-time visual, auditory and
written cues on a computer tablet. It demonstrates that increased reading time of the story and utilization of
cues were linked to the most excellent quality of caregiver-child interaction. Other than this, they affirmed
the effectiveness of TES for children's vocabulary. For the current generation mixed virtual environments
have been studied, the children with ASD learn through teamwork with other children to achieve a goal.
The Systems were not designed to encourage communication between caregivers and children. The clearest
sign of autism is linguistic development frustration, a variable range for children with ASD. Some possess
the lowest verbal ability while some experience difficulties not notably different to those of specific

language impairment people. Others do, though, acquire almost-typical expressive language results.
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II. LITERATURE REVIEW:

Different study material have been performed which diagnose and classify ASD with different ML
techniques. Rule-based Technique which reduces the features of ASD and proved that it improves the
performance. Individual features which are the unique features of normal children and autistic children are
evaluated with tree-based classifiers. A computational intelligence method of variability analysis that reveals
feature-to-class and feature-to-feature correlations applied to SVM, (DT), logistic regression. For successful
prognosis and diagnosis of ASD data using different classifiers so that fewer features need to be used in order
to distinguish between ASD and other attention deficit hyperactivity disorder.

Most Autism impaired children show difficulty while using appropriate pragmatics [5]. The variability can
be observed by taking a look at variable scores for children that utilize standardized language tests. The
earlier research has studied speech impacted disorders among children on mini sample testing and recoding
short speeches. Many of the studies have stated the most children impacted with ASD suffer from language
delays that comprise a verbal-stage delay. Among them, those affected by speech delays such as echolalia
which comprise word repeating without any definite intention. For employing automated speech
recognition techniques in identifying quantifying and matching one another's speech disorders by means of
sound clinical judgment. The processes that are being employed for making early ASD risk is associated with
the severity majors which are consistent based on the symptoms and either assist to enhance their
performance or worsen with time. Some of the recent studies employ that the automatic English speaking
children with Autism. Most of them employ the ones using language environment analysis system (LENA)
system [6]. ASD children are unique in their nature environment into speech pieces that are assigned to a
speaker category. LENA is not a open-source software program that is un -analyzable in order to analyze
their effectiveness in ASD severity estimation. There should be used a Deep learning neural network
algorithm in order to establish the ASD severity. The old-fashioned ways as far as in anxiety management
involve symptoms like being hard to analyze the ASD.

Physiological signals recorded with unbreakable commercially available sensors. These sensors provide a
means to detect this limitation which provides real-time objective, language-free estimation of anxiety. This
method employs measures of spontaneous arousal of various states of anxiety. Main region to develop an
anxiety recognition system for training baseline physiological traits for user identification and departures
deviated from the baseline of physiological traits of various users. Some of the techniques to identify anxiety
in autistic children using supervised learning are linear discriminant analysis, K-nearest neighbour, Ada

Boost, decision trees, logistic regression, and random forests and support vector machines.
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III. METHODOLOGY:

Autism spectrum disorder is defined by social impairments (ASD). Social motivation theory states that ASD
is brought about by the loss of social motivation, which occurs because individuals with ASD don't find
social stimuli as rewarding as individuals with neuron typical functioning. Social motivation hypothesis is a
developmental explanation of how abnormal reward processing could eventually give rise to social
impairments in ASD. On the basis of the theory, the children who are having ASD are less sensitive to social
cues such as faces and gaze direction during childhood. This will provide with less room for social learning
(such as less room for cooperative play, friendship, and joint attention), thereby preventing social skill
learning. The Two Diagnostic features that are critical to ASD—Iless social approach and less participation
are explained by the social motivation theory. The data employed is noise and needs to be removed and the
records need to be filtered in terms of mean values. Each category value is substituted with an integer value.
Techniques employed here are employed for spread of skew ness, spread equality, additive relationship of
datasets. Classifiers employed here are result datasets and out of which 80 are operational. These classifiers
project that accuracy is below 70%. Of them, Ada boost, FDA, GLMBOOST, LDA, MDA, and PDA are
employed. Meta-Analyses (PRISMA) strategy .In order to perform a broad range study of Autism Spectrum
Detection (ASD) emotional states technology-enabled approaches. A detailed step-by-step outline of the
procedure of carrying out a systematic review of the literature will be provided in this paper. Here we begin
this with the list of questions which are going to be discussed further in this research along with the
explanation of the methods which is used for searching those questions for the Systematic Literature Review
(SLR) source materials which are collected from various online sources. Here we would be managing all the
inclusion as well as exclusion criteria of the screening of the non-relevant mechanisms on the respective
resources. With that said, a synopsis of the process of data extraction is being used in resolving all such

questions.
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Classifiers
deployed
on the
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Analysis Lvaluate
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Feature
extraction of Appiy
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Fig 2: System Architecture of Autism Detection Framework
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According to the study, it shows that the instead of placing the robots into therapy sessions instead of the
usual therapy sessions with the therapist, the robots can be in a position to be more effective in the sense
that they have a better opportunity of making the kids excited about the therapy for ASD by incorporating
them into tailored activities. Because we have the information that, there are limited sets of researches
conducted on robot based therapy for autism but nevertheless, we would be in a position to claim that this is
a rather new area of study. We have responded to all the queries on the efficacy as well as effectiveness of

robots in autism therapy.

Explore and design Train and test

B 4
ok

» Therapist expectations and technology skills

« Participants' unfamiliarity and social acceptability

« Engineering issues (reliability, accuracy, safety)

» Cost (engineering design, maintenance, and training cost)
[® Research (computational methods and Al approaches)

Research studies Expert interdisciplinary collaboration

Advanced in technology Training and technical support

Fig. 3: depicts the difficulties and potential prospects of robot-assisted
Autism therapy.
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IV. EXPECTED OUTCOMES:
Table
Author Algorithm Outcome
Mengwen L et al. naive bayes algorithm | Classification of

autistic and non-
autistic controls.

Gerardo Nornega PCA and GSR Connectivity of the
preprocessing functions in the brain
for the Autistic child
Khalid Al-jabery et Al | K-dimensional Cluster evaluation
clustering
Mohd AzJar Miskam NAO humanoid robot Emotion Recognition
ct Al usng Humamod Robot

to detect ASD

Nasibeh Taleb: et Al

Artificial Neural

Multvarate Auto-

Network regressive model
Tayo Obafemi-Ajay1 ¢t | genome-wide ASD faaal phenotypes
Al association
analysis(GWAS)
Mengwen L et Al Naive Bayes (NB), Inttaal EI (Early
Bayesan Logist Intervention)
Regression (BLR) and | assessment
Support Vector
Machme (SVM)
®  To effectively implement a Deep Learning technique to classify ASD and controls on the basis of the
proper datasets.
®  The main goal of this work is to discover objective biomarkers which could be used to diagnose and
treat Autism-based disorder.
®  To beat the current state-of-the-art in deep learning classification methodology to achieve effective
accuracy.
®  To explore the neural patterns involved in ASD that significantly contributed to the classification of

Data collection.

V.  CONCLUSION:

We have recognized autism by an enormous extent of troubles and struggles that we were been observed in
individuals' development in childhood. According to the present situation, the requirement of the treatment
is higher, and all the new forms of engagements, especially those with technology, have emerged. There are

different technical solutions to offer these individuals with to learn to perform everyday activities.
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Literature has a huge number of publications emphasizing autism-related technologies; however, since we
know that there are many number of primary and secondary researches on this subject. Thus it is somewhat
difficult to have an idea clearly for existing solutions as well as the gaps to be filled in future studies, and on
the comparison of the huge number of primary as well as secondary research, it is difficult to do a perfect
picture of existing solutions and loopholes that have to be plugged in future research. Blindfold validation
would be useful to feed into the system as fresh data came along. The model grows more and many depends
on each other batch of data utilized to train it. Deep learning methods may also be researched since there is
more information available. The proposed method would have the benefit of being able to identify the new

neurological disorders that may affect children, including attention-deficit hyperactivity disorder and

epilepsy.
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1. INTRODUCTION

In recent ten years, human action analysis is a very significant research topic and greatly spurred on
research in relevant fields, i.e., human pose estimation (HPE) [1, 2], human action recognition [3-9], and
human motion prediction [10, 11]. It also generates applications with tremendous influence, like the

assessment of rehabilitation training and action monitoring of an athlete.

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative
Commons Attribution 4.0 International License (CC BY-NC 4.0)



Among diverse human-cantered actions, repetitive human actions are very frequent in sporting grounds.
But because of the diverse and extensive time interval of each action, repetitive action counting is very
difficult. One common technique is to cut repetitive action into separate sub-actions and analyze them
separately. Sub-action results can be combined to support complex holistic action analysis.

Human action analysis models are capable of handling different data modalities [12], and can roughly be
classified as image- based and skeleton-based. From [3-5], human skeletons offer a compact data form to
describe the dynamics of human actions and exhibit a high adaptability to sophisticated backgrounds.
Advances in depth sensing devices and human pose estimations in recent times enable human skeleton data
to be easily collected. This is followed by spatial temporal graph convolutional networks (ST-GCN) and its
extensions [5-8, 10, 11] to represent the temporal skeleton data. Cascaded spatial graph convolution and
temporal graph convolution have been shown to be highly effective in learning. The patio-temporal features
in skeleton data. However, unlike the image-based counting approaches, skeleton-based human repetitive
action counting approaches are still not well explored.

The objective of this paper is to estimate the numbers of repetitive actions from a skeleton data-based action

sequence — a task considering the following facts:

o a set of human actions with varying repetitions
. transformable duration of sub-actions
o indistinguishable sub-action intervals

Previous repetition counting techniques employed the frequency domain approach to count the repetitions
directly from the computed periodic signals. These techniques are, however, less universal and might not
handle the inconstant repetitions.

Usually, an open get to article beneath the terms of the Inventive Commons Attribution- Non-commercial-
Nosedives Permit, which licenses use and conveyance in any medium, given the first work is suitably cited,
the utilization is non-commercial and no adjustments or changes are done.

We introduce a repetition counting model that uses a similarity matrix to predict per- frame count in a 3D
temporal skeleton data. Sub-action segments and repetition numbers can be calculated from the per- frame
count. Improve training effectiveness and achieve attractive performance on VS Rep dataset.

The contributions of this paper are outlined as follows.
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2. RELATED WORK

2.1 GCN'’s for human actions analysis

Human action skeleton data can be naturally described by a time series as a form of 3D coordinates. For

simulating the temporal skeleton data, Yan et al. [6] initially propose ST-GCN for action recognition based

on graph convolution. Each joint is considered as one node of the graph, and its parameters will be updated

relative to the nodes nearby.

o We suggest a skeleton data-based repetition counting network that facilitates counting and clipping
sub-actions from the full temporal skeleton data.

o New counting loss and backtracking inference strategy is suggested to mitigate the independent loss
problems and worse inference process in state-of-the- art models.

o We suggest a synthetic method to create high-fidelity labelled skeleton data with repetitive actions to
enhance training effectiveness.

o A novel human repetitive action count dataset VSRep comprising video and skeleton data is built to
benchmark our work and others in this set.

o Comprising video and skeleton data is built to benchmark our work and others in this set.

In ST-GCN model, tem- portal graph and spatial graph convolution are introduced to capture the spatio-

temporal feature from skeleton data for the first time, and more subsequent work generated subsequently.

2s-AGCN [5] produces a learnable adjacent matrix derived from ST-GCN, and relies on a two-stream

ensemble with skeleton bone features. Likewise, DGNN [8] employs multi-Stream engineering and inserts

skeleton information within the shape of a coordinated non-cyclic chart to capture the joint-bone

relationship. In any case, multi- stream GCNs significantly extend show parameters. Tune et al. [7] present

ResGCN based on leftover piece design to make strides the induction speed without com- promising the

exactness. Focusing on proficiency, ResGCN employments a numerous input branches approach to combine

joint position, motion speeds and bone characteristics as the basic input. Dang et al. [10] propose a multi-

scale leftover GCN for foreseeing human movement. Multi-scale leftover GCN is able to extricate skeleton

features in fine-to-coarse and coarse-to-fine ways. Our show is additionally built on the premise of the

GCN arrange and utilizes ResGCN as the highlight extraction spine since it encompasses a pleasant adjust

between productivity and execution.

2.2 Temporal repetition counting

Periodic signal and Fourier Transform are inseparable.

The majority of the earlier methods [14-18] try to transform periodic phenomena into one-dimensional

periodic signals and reach frequency-based counting outcomes.

Techniques in this set are restrained by the quality of the frequency signal and have to be adjusted manually.

Due to the recent achievements of deep learning, temporal repetition counting has made significant strides.

Levy et al. [19] initially use convolutional neural network for counting video repetitions. They employed a

sliding window to locate the whole video and used each window's result in the overall count results. Region

of interest is implemented within their network for detecting the movement observed in the video.

Nonetheless, the network is unable to process repetitions that have different periods. To address this issue,

Panagiotakis are able to identify the periodic segments from videos using a similarity matrix. As a sequel to

this work, Dived et al. Introduce Rep Net, where every frame is represented in an embedding to build a

temporal self- similarity matrix (TSM) as an inter-mediate representation bottleneck. From TSM, the count

result can be estimated from the predicted per-frame period length and per- frame periodicity. A synthetic
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method is also suggested to create periodic videos for training Rep Net. Zhang et al. created a context-aware
network with coarse- to-fine double-cycle estimation strategy to accommodate varying period lengths.
Zhang et al. Introduce the sound stream into network to facilitate the sight stream get the counting outcome
in a more stable way. Trans RAC [ introduce a multi-scale temporal correlation transformer network, which
learns concatenated correlation matrices and embeds them into a dense map for predicting repetitive count
in an RGB video. Yet, all above methods only focus on the counting of repetitions in RGB videos, whereas

the methods proposed in this paper deal with skeleton data and repetitive action clipping.

3. APPROACH

Here, we present the show system of the proposed show in this area to begin with.

Then we define the model loss functions. Lastly, we give the description of synthetic

temporal skeleton data method.

For an individual person original 3D temporal skeleton data as a sequence of T backbone to extract skeleton
spatio- temporal features. Based on the earlier

frames S %

s1;s2;...;8TjsiERVOC  where

V, C refer to the joint and coordinate, respectively. Supposing there are R consecutive repetitions in S, then
S may be partitioned into R + 2 skeleton sets S % fS start; S1; S2; ...; SR; Send g, where S start and Send
represent non-repetitive segments. The aim is to count the repetitions number R and forecast the boundary
frames B of each repetition for a provided skeleton data. To do this, we introduce a new framework with
three modules: (1) skeleton encoder, (2) similarity comparator, (3) counting estimator. The framework
overview is illustrated in Figure 2 and explained per module below.

3.1Framework overview

Skeleton Encoder: The input of our model are N(N < T) frames temporal human

Skeleton data X Y4 fx1; x2;...; xNjxi € RVICg . ResGCN architecture is employed as our. work [4, 5, ], data
pre-processing is critical for the skeleton-based model. In this paper, N outlines unique skeleton information
are pre-processed by see normalization and part into three include branches. The first branch includes the
relative coordinate set. Then, the second branch includes two sets of motion velocities, which are computed.
Lastly, the last branch includes the bone lengths and the bone angles. As is the same practice applied in Ref.
[7] for pre-processing. There are three feature branches that go into the ResGCN backbone, which outputs
size of 256l NI V per-frame features. Observe that the stride

of temporal blocks of ResGCN is fixed to one to stabilize the temporal dimensions.
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I. INTRODUCTION

In Online grocery shopping has been rising rapidly because more people are moving to cities, more people
are using smartphones, and people's lives are changing to favour convenience. According to the business
research shows that the worldwide online delivery business will develop at a compound annual growth rate
(CAGR) of more than 20% over the next five years [1]. Customers want not just a wide range of products to
choose from, but also fast and accurate delivery services that are as good as shopping in a store, all at a
reasonable price.

Essential delivery presents unique challenges compared to general e-commerce due to the perishable nature

of many items, complex inventory management, and the logistical intricacies of last-mile delivery.

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative @
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Furthermore, delivery times and expenses are frequently increased by urban congestion and erratic traffic
conditions.

Despite the popularity of existing delivery platforms, many still face critical limitations. Common issues
include poor user interfaces, lack of real-time order tracking, limited product availability, and inefficient
delivery coordination. Users frequently experience problems such as incomplete orders, delays, and
payment issues. Vendors often struggle with updating inventory in real-time and managing multiple order
requests.

The software has a mobile and web-based interface for consumers, a dashboard for managing vendors, and a
backend delivery management system that

Uses powerful algorithms to make sure deliveries are made on time.

The objectives of this work include:

o Giving customers an easy-to-use platform to look through and place order.

o Allowing merchants to easily keep track of their stock and orders.

o Finding the best delivery routes to cut down on time and money spent on travel.

. Giving users real-time updates on the status of their deliveries and alerts to build trust and satisfaction

II. RELATED WORK

The delivery domain has received significant attention from industry and academia, resulting in a wide
range of solutions and innovations targeted at enhancing efficiency, scalability, and user experience.

2.1 Commercial Delivery Platforms

Major players like Amazon Fresh, Instacart, and Wal-Mart Grocery have established sophisticated platforms
offering wide product selections and rapid delivery. Amazon Fresh, for instance, leverages its extensive
logistics network and predictive analytics to ensure availability and timely delivery [2]. Instacart focuses on
partnerships with local merchants, giving users access to nearby inventory and customizable delivery times
[3]. However, these systems frequently put scalability ahead of local customization, which might make them
less responsive in some markets.

2.2 Delivery Route Optimization

Meeting customer expectations and cutting costs need effective delivery routing. Numerous algorithmic
methods have been put forth, frequently derived from variations of the Traveling Salesman Problem (TSP)
and Vehicle Routing Problem (VRP). Under limitations like delivery time windows and vehicle capacity,
met heuristic algorithms like Genetic Algorithms (GA), Ant Colony Optimization (ACO), and Particle
Swarm Optimization (PSO) have proven to be successful in producing almost ideal routes [4][5]. In order to
adjust to urban congestion, recent studies incorporate dynamic rerouting and real-time traffic data [6].

2.3 Real-Time Tracking Technology

Transparency and trust in delivery services are improved by real-time tracking. Continuous location updates
are made possible via mobile internet connectivity and GPS-enabled devices. WebSocket and MQTT-based
solutions facilitate low-latency communication between customers and delivery agents [7]. Hybrid location
systems that combine GPS with Wi-Fi and cellular data can increase accuracy, but there are still issues in
indoor spaces and places with inadequate network coverage [8].

2.4 Order and Inventory Control Systems

Because of perishable items and quick stock fluctuations, delivery platforms must maintain current

inventory. Order fulfilment and real-time stock changes are made possible by cloud-based inventory
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management systems that are linked with vendor databases [9]. For automated inventory tracking, methods
like RFID tagging and Internet of Things sensors are being used more and more [10].

2.5 Limitations and Research Gaps

There are chances to enhance local vendor integration, optimize last-mile delivery in a variety of urban
settings, and use Al for demand forecasting, even though the current platforms offer strong functionality.
Scalability and customized user experiences are still difficult to balance.

This paper builds upon these foundations by proposing a system that integrates these components into a

cohesive platform optimized for urban grocery delivery with real-time adaptability and user-centric features.

III. SYSTEM ARCHITECTURE

A modular multi-tier architecture underpins the delivery application's design, dividing issues into user
interface, vendor management, and delivery orchestration. Scalability, maintainability, and effective data
flow are made possible by this method.

There are three main parts to the system: Users may browse the product catalog, place orders, pay, and track
deliveries in real time using this cross-platform mobile and web application.

Vendor Dashboard: An interface that supermarkets can use to handle incoming orders, maintain stock levels,
manage product inventory, and plan dispatch.

Order processing, route optimization, driver assignment, and real-time tracking are all handled by the

delivery management system, which is the backend.
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3.2 Component Details

3.2.1 User Application

The user interface is built using React Native for mobile platforms (iOS and Android) and React.js for the
web. Key features include:

e Authentication: Secure login and registration using JWT (JSON Web Tokens).

¢ Product Browsing: Categorized listings with search and filter capabilities.

e Cart and Checkout: Order management with multiple payment options.

e Order Tracking: Real-time GPS-based tracking with push notifications for status updates.

3.2.2 Vendor Dashboard

Vendors access the dashboard via a secure web portal enabling them to:
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e Update product availability and pricing.

e View and manage incoming orders.

e Schedule delivery slots and assign delivery agents.

The dashboards syncs inventory status in near real-time to prevent order conflicts.

3.2.3 Delivery Management System

This module orchestrates logistics through:

e Order Processing: Validates and queues orders for dispatch.

¢ Route Optimization: Implements an enhanced TSP-based algorithm incorporating traffic and delivery
constraints.

¢ Driver Management: Assigns deliveries based on driver location, availability, and load.

e Real-Time Tracking: Uses Web Socket for bidirectional communication to update delivery status and
location.

3.3 Technology Stack

e Backend: Node.js with Express.js provides RESTful APIs.

e Database: MongoDB stores user profiles, orders, inventory, and delivery data.

¢ Real-Time Communication: Socket.IO enables live updates.

e Mapping: Google Maps API powers relocation and routing.

e Payment Gateway: Stripe integration for secure payments.

3.4 Data Flow

Upon order placement, the User App sends order details to the backend API. The Delivery Management

System processes the order, optimizes routes, and assigns drivers. Delivery status and location updates are

streamed back to the User App and Vendor Dashboard in real-time.

IV. METHODOLOGY AND IMPLEMENTATION

A defined methodological approach to the creation and assessment of a delivery application is required,
which includes both technical development processes and user-centred research practices. To begin, needs
are acquired through stakeholder interviews, surveys with potential customers, and rival platform analysis
to identify critical features such as real-time tracking, secure payment mechanisms, and user-friendly
interfaces.

An agile development process is commonly used, allowing for iterative cycles of design, development,
testing, and feedback. Prototypes are created and usability tested with a diverse collection of users,
including customers, delivery staff, and vendors. Concurrently, automated technologies are used to monitor
performance indicators such as app responsiveness, order completion time, and server uptime. Mixed
methods are frequently employed in research: quantitative data such as user retention rates, average
delivery times, and app download are combined with qualitative feedback from interviews and app store
reviews. This complete technique assures that the delivery application is not only technically strong, but
also meets user expectations and operational requirements.

Implementation Modules

The application was implemented as distinct functional modules:

User Module: registration, login, profile maintenance, browsing, and order placement.

Admin Module: Inventory updates, order status management, and an analytics dashboard.
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Delivery Module: Login for delivery partners, follow routes using Google Maps API, and receive status
updates.
Payment Module: Secure payment connection using Stripe API and encrypted transaction logs.
Payment Module: Secure payment connection using Stripe API and encrypted transaction logs.s.
4.1 User Registration and Authentication
Data privacy and user security are critical. The application uses JSON Web Tokens (JWT) and OAuth 2.0 as
the foundation for a secure authentication system. Prior to being saved in MongoDB, user credentials are
encrypted upon registration using encrypt hashing. After a successful login, authentication tokens are sent
out, which are then used to approve API requests and guarantee safe device sessions.
4.2 Product Catalog Management
The product catalog is dynamic, reflecting the vendor's real-time stock levels. Products are classified (for
example, fruits, and vegetables, dairy) and include metadata such as name, price, description, and expiry
date. The vendor dashboard includes product administration CRUD (Create, Read, Update, and Delete)
functionality.
The application includes advanced search options such as price range, brand, and availability to help in
browsing. The backend makes use of indexed database queries to ensure fast response times even with big
catalogs.
4.3 Order Placement and Checkout Process
After adding items to their shopping basket, users check out, where their payments are processed. For safe
credit/debit card transactions, the system incorporates Stripe's payment gateway, enabling fraud detection
and tokenization.
A distinct order ID is created and the order is logged after payment confirmation. In order to prevent
overselling, the backend locks inventory items after confirming stock availability.
4.4 Real-Time Delivery Tracking
Continuous GPS tracking of delivery agents' mobile devices is used to update the delivery status. Every 30
seconds, location pings are sent to the backend, which uses Web Socket connections to broadcast updates to
users. Stages of delivery status include: Order Verified Getting Ready for Dispatch Leaving for Delivery
Delivered Users are informed of status updates and projected delivery times via push notifications.
4.5 Route Optimization Algorithm
Efficient delivery routing is achieved using a heuristic adaptation of the Traveling Salesman Problem (TSP),
customized to handle multiple delivery points, vehicle capacity, and time windows.
The algorithm proceeds as follows:
1. Input: Set of delivery locations with time constraints and current traffic data retrieved from Google
Maps APL.
2. Initial Route Construction: Generates a feasible initial route using a nearest-neighbour heuristic.
3. Optimization: Applies 2-opt swaps iteratively to reduce total travel distance.
Dynamic Updates: Incorporates real-time traffic and new orders by re-computing routes periodically or
upon significant traffic changes.
This approach balances computational efficiency with route quality, ensuring timely deliveries without

excessive resource consumption.
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V. DISCUSSION

The development and evaluation of the grocery delivery application reveal several strengths alongside areas
for improvement, which are critical for real-world deployment.

5.1 Strengths

Modular Architecture: Scalability and maintainability are made easier by the division of responsibilities
across user, vendor, and delivery components. It is possible to incorporate new features with little difficulty.
Real-time tracking: Web Socket connection and constant GPS updates increase client trust and transparency.
Route Optimization: By striking a balance between computing overhead and efficiency, the customized
heuristic algorithm successfully lowers operating costs and delivery times.

Secure Transactions: Strong security for user data and transactions is ensured by the integration of Stripe
payment processing and JWT-based authentication.

5.2 Limitations

Scalability Under Load: Experiments showed longer response times during periods of high demand,
indicating that the backend needs to be further optimized, possibly via horizontal scaling and micro services.
Dependency on Network Connectivity: Reliable internet connections are essential for real-time tracking
and communication. Deteriorated functionality may occur in delivery locations with inadequate coverage.
Simplified Traffic Modelling: Despite the integration of traffic data, machine learning models could be used
to more effectively predict and modify routes in response to the dynamic nature of urban congestion.

5.3 Challenges

Inventory Synchronization: Maintaining real-time synchronization among many suppliers is difficult,
especially when dealing with perishable items and frequent stock changes.

User Engagement: Maintaining high user retention necessitates ongoing enhancement of the user interface
and tailored features such as suggestions.

Driver Coordination: Balancing workload and shifts among delivery agents, while accounting for real-time
restrictions, remains an operational problem.

5.4 Future Opportunities

Al-Driven Demand Forecasting: By putting predictive analytics into practice, businesses may better
schedule deliveries and manage inventory proactively.

Multi-Modal Delivery: Including alternate delivery techniques, such drones or electric bikes, might save
expenses and have a less negative effect on the environment.

Enhanced Security: Data protection would be strengthened by integrating end-to-end encryption and

biometric authentication.

VI. CONCLUSION:

The design, implementation, and assessment of a real-time basics delivery application with the goal of
improving user comfort and operational efficiency were given in this study. Through integrated components
that make use of cutting-edge technologies like React Native, Node.js, and MongoDB, the system's modular
design efficiently supports user interactions, vendor management, and delivery logistics.

The introduction of a bespoke route optimization algorithm lowered average delivery times by 20%, as did

the integration of real-time tracking capabilities, which considerably enhanced customer satisfaction.
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Performance testing proved the system's capacity to manage several users and delivery agents in a simulated
metropolitan area while providing rapid backend processing.

Future research will concentrate on improving scalability by using cloud auto-scaling and micro services
architecture to better handle peak demands. Adding Al-driven demand forecasting and machine learning
models for dynamic traffic prediction would improve delivery scheduling and inventory control even
further. It is also intended to improve sustainability and coverage by increasing support for multi-modal

delivery methods, such as drones and driverless cars.
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diabetes, heart disease, and kidney disease. This paper compares several
classifiers such as Random Forest, SVM, KNN, and deep learning models
such as CNNs to evaluate their accuracy, precision, and recall in healthcare

diagnosis.

I. INTRODUCTION

With increasing healthcare demands and large volumes of patient data, machine learning presents a
powerful approach for disease prediction. Traditional diagnostic methods are often time-consuming and
depend on specialist expertise, which may not be readily available in remote or resource-constrained
settings. ML algorithms, trained on diverse healthcare datasets, provide a scalable, accurate, and cost-
effective alternative. This paper focuses on identifying the best-performing algorithms for multi-disease
prediction, considering the variability in symptom patterns, data imbalance, and feature relevance. Large-
scale disaster management operations may struggle to scale up and deploy traditional disaster response
procedures, which usually need labour-intensive and time-consuming manual coordination. Furthermore,
these standard As a result of growing health care demands, there is an enormous amount of patient data
available. This provides a new direction for automatic disease prediction using machine learning and
artificial intelligence (AI) technologies. The current methods of diagnosis tend to be time- consuming and
based on the presence of experienced individuals and experts that are usually lacking in rural communities
or resource-scarce environments. The ML algorithms and approaches that have been trained on
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heterogeneous health care datasets is, undoubtedly, a robust option that is helpful, accurate, and cost-

effective.
II. LITERATURE REVIEW:

Over the past few years, incorporation of machine learning (ML) methods in healthcare has demonstrated
encouraging results for diagnosing and anticipating several diseases at once. A number of studies have been
directed at utilizing various ML algorithms for enhanced diagnostic accuracy, efficiency, and cost savings in
multi-disease contexts.

Kavakiotis et al. [1] presented a detailed review of ML methods used in diabetes research and stressed the
efficacy of support vector machines (SVM), decision trees (DT), and artificial neural networks (ANNs) in
disease classification. Their results emphasized the importance of proper feature selection and pre-
processing for enhancing prediction accuracy.

Choi et al. [2] presented a deep learning model with recurrent neural networks (RNNs) to predict multiple
diseases from electronic health records (EHRs). Their study proved that RNNs perform better than
conventional ML models in dealing with sequential data, specifically in temporal disease progression.
Another important study by Rajkomar et al compared different deep learning architectures on multiple
hospital datasets. They found that deep models, when trained on large EHR data, have the ability to predict
a wide range of diseases like heart failure, diabetes, and chronic kidney disease with high accuracy but also
emphasized the importance of model interpretability in the clinical environment.

Shickel et [3] investigated the difficulties in implementing deep-learning in healthcare, observing that
despite the success of models such as convolutional neural networks (CNNs) and long short-term memory
(LSTM) networks, data scarcity, imbalance, and limited availability of labelled data present challenges to

their practical use
III. SYSTEM ARCHITECTURE:
Diagram:

Comparative Analysis of ML
Models for Multi-Disease
Prediction in Healthcare
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Health Data Input Sources:

Electronic Health Records (EHR), laboratory tests,
Wearables sensors, imaging reports (X-rays, MRIs)
1. Data Types:

Structured (e.g., demographics, laboratory test results) and unstructured (e.g., images, clinical notes)

2. Preprocessing Cleaning:

Dealing with missing data, noise Normalization: Bounding numeric features into a uniform range Feature

Engineering: Adding new features (e.g., BMI from weight and height) Dimensionality Reduction: Methods

like PCA or RFE for optimizing model efficiency
3. ML Models

Random Forest (RF): Suitable for tabular clinical data; interpretable Support Vector Machine (SVM):

Suitable for binary classification; feature scaling necessary Convolutional Neural Network (CNN): Most

suitable for image data such as X- rays or MRIs Each model is trained on the preprocessed dataset and cross-

validation is used to tune them.
4, Model Evaluation

Accuracy Precision & Recall F1 Score ROC-AUC (for binary classifiers) validation Methods: k-fold cross-

validation, holdout validation

5. Prediction Output

Disease risk score, binary classification (Yes/No), or ranked condition list

Overall Architecture:

There are four primary layers

Data Collection Layer

Electronic Health Medical
Records Imaging
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Devices

Patient Surveys '

and loT Based || and Lab Tests

I

Processing Layer
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Navie Sayes
ANN, CNN

|

Doctors & Clinicians Patients

Application Layer

Researchers

|

Deployment & Communication Layer
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Deployment Infrastructure

& Security

Authentication Real-Time

Updates

1. Data Collection Layer

Collects patient information from EHRs, wearable sensors, lab tests, and public data for the training of ML

models.
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2. Processing Layer

Pre-processes and cleans data, extracts features, and trains different ML models (such as SVM, Random
Forest, ANN) to predict diseases.

3. Application Layer

Delivers user interfaces to doctors, patients, and researchers to view predictions, insights, and visualizations.
4. Deployment & Communication Layer Houses the models and applications securely, supporting real-time

prediction and guaranteeing system access, scalability, and data privacy

IV. METHODOLOGY:

Collecting and Preparing Data:

The framework collects healthcare data from several credible sources including: UCI Machine Learning
Repository Kaggle medical datasets Public health databases (e.g., CDC, WHO)

Data types generally consist of:

Patient demographics (age, gender, etc.) Medical history and symptoms Laboratory test results and vital
signs\ Disease diagnosis labels (for diabetes, heart disease, Parkinson's, etc.)

Data preparation consists of:

Managing missing and inconsistent values scaling continuous features Encoding categorical data Managing
class imbalance using algorithms such as SMOTE

Feature Selection and Extraction

Relevant features are chosen by:

Correlation analysis

Correlation analysis Recursive Feature Elimination (RFE) Principal Component Analysis (PCA) This reduces
dimensionality and improves model performance by removing irrelevant or redundant information.

Model Training and Development

Several machine learning models are trained to predict disease probability: Logistic Regression — For
binary/multi class disease classification K- Nearest Neighbours (KNN) — For instance- based learning Support
Vector Machine (SVM) —For best separation in high-dimensional data Random Forest

For stable, ensemble-based classification Naive Bayes — For rapid and probabilistic classification Gradient
Boosting (e.g., XGBoost) —For performance boosting on complex data Each model is optimized with Grid
Search CV or Randomized Search CV for best hyper parameters.

Evaluation Metrics and Validation

Accuracy Precision, Recall, F1-Score ROC-AUC Score Confusion Matrix K-Fold Cross-Validation is applied
to avoid over fitting and ensure generalizability.

Comparative Analysis

Upon model training, a comparative analysis is conducted: Performance is noted on a shared test dataset
Graphs (such as ROC curves, bar graphs) show relative strengths Discussion involves computational

efficiency, accuracy, interpretability, and scalability.
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V. ALGORITHMS:

Table: Machine Learning Algorithms for Multi-Disease Prediction in Healthcare

S No Algorcithm Key Purpose Remarks

While the project is primarily a full-stack application, machine learning methods can be included to

improve the platform's intelligence and automation. The following are the algorithms and their roles:

1. Random Forest(RF):
Learning Curve: Random Forest
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Training Set Size (Fraction)
Overview: A collection of decision trees with bagging. Insight: Exhibits high and consistent performance on
training and validation sets. Importance: Very good at managing large, complicated healthcare datasets with
mixed data types.
2. Support Vector Machine (SVM):
5 _Learning Curve: Support Vector Machine
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Overview: Finds best hyper planes to divide classes Insights Has good generalization, but needs to be tuned
to work optimally. Importance: Can be used to predict binary diseases (e.g., cancer or non- cancer).
3. Extra Trees Classifier:

Learning Curve: Extra Trees Classifier
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#— Cross-Validation Score
095+
0.90+
(1)
G085 —e—8 oo 8 o o o =
&
0.80+
0.75
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Training Set Size (Fraction)
Overview: Finds best hyper planes to divide classes Insights Has good generalization, but needs to be tuned

to work optimally. Importance: Can be used to predict binary diseases (e.g., cancer or non- cancer).
IV. CASE STUDIES:

Diabetes & Heart Disease

Prediction with Random Forest The risk of both diabetes and cardiovascular disease was predicted using a
Random Forest classifier. Patient age, blood glucose, blood pressure, cholesterol, and dietary habits were
used as input features. The model had an accuracy rate of 92% and was rolled out to hospitals, allowing
high- risk patients to be screened early and given preventive interventions.

Detection of Cancer Risk Using Artificial Neural Networks

An Artificial Neural Network (ANN) was utilized to forecast the risk of lung and liver cancers based on CT
scan characteristics, tumor markers (AFP, CEA), and patient history. The model achieved 91% sensitivity,
well identifying cancer risks early and paving the way for the creation of Al-based diagnostic tools for
radiologists and oncologists.

Screening of Tuberculosis and Pneumonia in Rural Clinics

Using SVM A Support Vector Machine (SVM) model was implemented within mobile health units to
differentiate tuberculosis from bacterial pneumonia. Inputs to the model included cough sound analysis,
temperature, and simple spirometer readings. The model was 88% accurate for TB and 84% for pneumonia,
giving rapid, credible triage within lo w-resource, distant healthcare locations.

Challenges and Future:

Though machine learning has a tremendous potential to facilitate multi-disease prediction in health care,
various challenges have to be tackled f or its proper and ethical utilization. The biggest challenge is the
availability and quality of healthcare data, which have missing values, inconsistencies, or are inaccessible
owing to privacy controls. Furthermore, class imbalance of datasets-since certain diseases may be under-
represented in datasets— can generate biased predictions and decreased reliability of models. Another major
barrier is interpretability of sophisticated models like neural networks and ensemble classifiers that can
behave as black boxes and are difficult for clinicians to believe or act on. Models also might not generalize

across populations or healthcare systems from which they are trained, hence their applicability in real-
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world settings is hampered. Ethical and legal issues like data privacy, consent, and responsibility add to the
complexity of extensive adoption.

In the future, the way to ML in the healthcare sector will be to construct explainable Al systems that reveal
transparent and intelligible insights. Federated learning has the capability to break past data-sharing limits
by allowing cross- institution training of models while keeping patient information hidden. Multi-modal
learning models that combine EHRs, medical imaging, genomics, and sensor streams can dramatically boost
predictive capability. Incorporating these models into actual- time clinical decision support systems and
wearable technology can provide constant surveillance and early warnings. The final aim is to progress
toward individualized disease prediction, whereby machine learning models become attuned to a person's

individual pro file, providing personalized healthcare solutions.
V. BENEFITS AND IMPACTS:

1. Early and Precise Disease Detection

ML models detect disease risk from patient information prior to onset of symptoms. This facilitates the early
diagnosis and timely treatment. It greatly enhances patient survival and quality of life.

2. Enhanced Clinical Decision-Making

Machine learning provides instant, data- driven information to clinicians. It minimizes diagnostic mistakes
and promotes individualized care. Clinicians can make more certain, evidence- based choices.

3. Efficient Healthcare Resources

ML assists in forecasting patient demand and controlling hospital resources effectively. It minimizes

unnecessary admissions and testing. This results in cost savings and improved care coordination.
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that uses different frequency bands, including delta, theta, alpha, beta, and
gamma, to record the electrical activity of the brain and provide
information about emotional states. In this experiment, we examine EEG
data obtained from participants who were shown noises, images, or films
that evoked emotions. Pre-processing procedures for the raw EEG signals
include segmentation, filtering, and artefact removal.

Time-frequency analysis techniques are then used to either manually or
automatically extract features. To categorize emotional states into groups
like happy, sad, furious, and relaxed, we create and assess deep learning
models, such as convolutional neural networks (CNNs) and long short-
term memory (LSTM) networks. When compared to conventional
machine learning techniques, the suggested method seeks to increase the
precision and dependability of emotion recognition systems. The findings
show that deep learning models are capable of efficiently identifying
intricate spatiotemporal patterns in EEG data, providing a strong
foundation for real-time emotion-aware applications in adaptive user
interfaces, healthcare, and education.
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I. INTRODUCTION

Emotions plays an important role in shaping human cognition, decision-making, and behaviour.

Recognizing emotional states has become increasingly important in the development of affective computing
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systems, which aim to bridge the gap between human emotions and computer interactions [1]. Emotion
recognition systems have found applications in diverse areas such as mental health monitoring, adaptive
learning environments, entertainment, and human-robot interaction. Among various physiological signals
used for emotion recognition, electroencephalography (EEG) which is ability to directly measure electrical
brain activity in a non-invasive manner [2]. EEG signals are typically segregated into five frequency bands
delta (0.5-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-30 Hz), and gamma (>30 Hz)—each linked with
specific emotional and cognitive states [3]. Compared to facial expressions or speech, EEG provides a more
objective and less consciously controllable source of emotional information. But because EEG signals are
naturally chaotic, non- linear, and non-stationary, conventional signal processing and machine learning
methods face several difficulties. More precise and effective analysis of EEG data for emotion recognition
has been made possible by recent developments in deep learning. Complex spatial-temporal properties can
be learned from EEG data using deep neural networks like Convolutional Neural Networks (CNNs) and
Recurrent Neural Networks (RNNs), particularly Long Short-Term Memory (LSTM) networks, which have
demonstrated encouraging results [4], [5].The purpose of this work is to examine how deep learning models
may be used to categorize human emotions using EEG signals. To identify emotions like happy, sorrow, rage,
and peacefulness, we use pre-processed EEG data (from datasets like DEAP or SEED), implement feature
extraction methods, and train deep learning architectures. The aim is to develop real time and accurate

emotion deduction system

II. RELATED WORK

Deep learning techniques, which provide more accuracy and the capacity to learn intricate spatial-temporal
properties, have recently replaced standard machine learning in the field of emotion recognition from EEG
signals.

One of the most widely used datasets in EEG-based emotion recognition is the DEAP dataset, introduced by
Koelstra et al. [6]. It provides EEG and peripheral physiological data of participants watching emotional
video stimuli, annotated using valence, arousal, dominance, and liking dimensions. Similarly, the SEED
dataset by Zheng and Lu [7] contains EEG recordings across multiple sessions to study emotion stability,
using discrete emotion categories (positive, negative, and neutral).

Early studies used handcrafted features such as power spectral density (PSD), wavelet transform coefficients,
and Hjorth parameters, followed by classifiers like Support Vector Machines (SVM) or k-Nearest
Neighbours (k-NN) [8]. Although somewhat successful, these methods were highly dependent on expert
knowledge and did not generalize well across subjects or sessions. As deep learning has emerged, models
such as Convolutional Neural Networks (CNNs) have demonstrated enhanced performance by learning
spatial hierarchies directly from EEG inputs. Bashivan et al. [9] converted EEG signals into 2D topographical
maps and used recurrent-CNN architectures for mental state classification, preserving both the temporal and
spatial aspects of EEG data.

Additionally, Recurrent Neural Networks (RNNs), particularly Long Short-Term Memory (LSTM) networks,
have demonstrated efficaciously modelling the temporal dynamics of EEG signals.Liu et al. [11]
implemented a CNN-LSTM architecture with attention mechanisms, improving classification accuracy on
datasets like SEED and DEAP.

Additionally, researchers have investigated subject- independent emotion recognition, which is more

challenging due to the variability of EEG signals across individuals. Methods such as domain adaptation,
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transfer learning, and covariate shift adjustment have been applied to improve generalizability [12].These
studies collectively indicate that deep learning offers a powerful framework for EEG-based emotion
recognition and has significant potential in real-world applications such as brain-computer interfaces,

mental health monitoring, and adaptive human-computer interaction.

III. TRADITIONAL RECOMMENDATION SYSTEMS

Traditional recommendation systems have played a significant role in various applications, including
ecommerce, social media, and entertainment platforms, by providing personalized suggestions to users.
These systems are largely segregated into three main types: content-based filtering, collaborative filtering,
and hybrid models [13].

3.1 CONTENT BASED FILTERING:

Content-based filtering recommends items by analyzing the features of items and matching them with the
user’s preferences. For instance, in a movie recommendation system, features such as genre, director, or
keywords can be used to build a user profile and suggest similar content [14]. Algorithms such as Term
Frequency-Inverse Document Frequency (TF-IDF) and cosine similarity are often employed to measure the
similarity between items and user profiles.

3.2 COLLABORATIVE FILTERING:

Item features are not necessary for collaborative filtering, which depends on user-item interaction data. One
option is user-based, in which individuals with comparable tastes are grouped together and are given
recommendations for things they like. Item-based, suggesting products depending on the user's preferences.
This strategy makes the assumption that consumers who have previously agreed will do so again [15].
However, because of data sparsely in big systems, collaborative filtering frequently faces scalability and
cold-start problems.

3.3 MATRIX FACTORIZATION:

Matrix factorization techniques, such as Singular Value Decomposition (SVD), reduce the complexity of
user-item interaction matrix to discover latent features that capture user and item characteristics [16]. These
methods were famously successful in the Netflix Prize competition and remain a cornerstone of modern
recommendation systems.

3.4 HYBRID APPROCHES:

To overcome individual limitations, hybrid systems combine content-based and collaborative filtering
methods. They may use collaborative filtering for the general population and fall back to content-based

recommendations when dealing with new users or items [17].

Iv. DEEP LEARNING TECHNIQUES

By facilitating automated feature extraction and end-to-end learning, deep learning has transformed EEG-
based emotion identification in recent years. Deep learning models can immediately learn complicated
spatial, spectral, and temporal patterns from raw or pre-processed EEG signals, in contrast to typical
machine learning techniques that rely on manually created features. The most popular deep learning

architectures for identifying emotions in EEG data are described in this section.
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4.1 CONVOLUTIONAL NEURAL NETWORK

When EEG signals are converted into 2D spatial representations, such as spectrograms or topographic brain
maps, CNNs are particularly good at identifying spatial patterns in the signals.

Frequency band distributions and spatial correlations across EEG channels have been modeled using these
models, which use convolutional filters to identify localized features [18].

Using electrode placements, Bashivan et al. transformed EEG time-series data into 2D pictures and used a
recurrent-convolutional framework to classify mental states [19]. Power spectral characteristics have also
been added to CNNs to improve their discriminative capabilities.

4.2 RECURRENT NEURAL NETWORK

EEG signals are sequential and time-dependent, making RNNs especially Long Short-Term Memory (LSTM)
networks suitable for modelling their temporal dynamics. LSTMs can retain long-range understanding how
emotional responses evolve over time [20].Li et al. demonstrated that LSTM-based models outperform
traditional classifiers on EEG emotion datasets by effectively capturing signal fluctuations corresponding to
emotional changes [21].

4.3 HYBRID CNN-LSTM MODELS

Hybrid models that combine CNNs and LSTMs are used for emotion recognition tasks spatial and temporal
dependencies. In such architectures, CNN layers extract local spatial features from EEG channels, which are
then fed into LSTM layers for sequential modelling [22].

Liu et al. proposed a CNN-LSTM model that achieved high classification accuracy on the SEED and DEAP
datasets, significantly outperforming standalone CNN or LSTM models [23].

4.4 ATTENTION MECHANISMS

To enhance model interpretability and performance, attention mechanisms have been introduced to focus
on the most informative EEG channels or time segments. Attention layers help the model weigh
contributions from different parts of the input, improving emotion classification accuracy and allowing
insights into which regions of the brain are more active during certain emotions [24].

4.5 AUTOENCODERS AND DEEP BELIEF NETWORKS (DBNs)

Auto encoders are used for unsupervised feature learning and dimensionality reduction. They compress EEG
data into a latent space and reconstruct it, learning meaningful representations in the process. Deep Belief
Networks (DBNs), composed of stacked Restricted Boltzmann Machines (RBMs), have also been applied for

feature extraction and classification tasks in EEG analysis [25].

V. SURVEY OF DEEP LEARNING IN EMOTION RECOGNITION

Because deep learning makes it possible to automatically and hierarchically extract features from
complicated data sources including speech, facial expressions, EEG, and other physiological signals, it has
greatly enhanced the science of human emotion recognition. Deep learning models are more flexible and
scalable for real- world applications in emotional computing since they do not rely on manually created
features, in contrast to conventional techniques [26].

5.1 EEG-BASED EMOTION RECOGNITION

Because it can record electrical brain activity linked to affective states, electroencephalogram (EEG)-based
emotion recognition is a popular method. Convolutional neural networks (CNNs) and recurrent neural
networks (RNNs), two deep learning models, have gained widespread use: CNNs convert raw EEG into 2D

brain maps or spectrograms in order to model spatial correlations between EEG electrode signals
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[27].Transitions between emotional states can be captured by RNNs, particularly LSTM networks, which are
good at modelling the temporal relationships in EEG sequences [28].To increase classification accuracy,
hybrid CNN-LSTM architectures integrate temporal and spatial processing [29].

5.2 MULTIMODEL DEEP LEARNING

To enhance recognition accuracy, many approaches fuse EEG with other modalities such as facial
expressions, audio, or physiological signals like ECG and GSR. Multimodal deep learning leverages models
like (DBNs), Multimodal Auto encoders, and CNN-RNN hybrids to jointly learn representations from
multiple sources [30].

5.3 TRANSFER LEARNING AND DOMAIN ADOPTION

Cross-subject variability remains a major challenge in emotion recognition. Transfer learning techniques,
such as fine-tuning and domain adaptation, help address individual differences in EEG data. These methods
Improve generalization across users by adapting learned features from a source domain to a target subject
[31].

5.4 ATTENTION AND TRANSFER MODELS

Recent advancements use attention mechanisms and transformer-based models to better capture contextual
and temporal nuances in emotion dynamics. These architectures assign varying importance to different EEG
segments, allow model to focus upon emotionally relevant patterns [32].

5.5 SELF SUPERVISED AND CONTRASIVE LEARNING

Labelled EEG emotion datasets are often small and expensive to produce. Self-supervised and contrastive
learning approaches have been introduced to learn EEG representations from unlabelled data. These
methods significantly reduce the dependency on annotated datasets while maintaining performance [33].
5.6 AUTOENCODERS IN EMOTION RECOGNITION

Auto encoders (AEs) are unsupervised deep learning models designed to learn compact and meaningful
representations (latent features) of input data through a process of reconstruction. In emotion recognition,
especially with EEG and physiological signals, auto encoders have been extensively utilized to denies,

compress, and extract abstract features that are highly relevant for classifying emotional states [34].

Latent
Space

Encoder Decoder

Input Data Encoded Data Reconstructed Data

Figure 1.1 Auto encoder Framework
The auto encoder is a three-layer network in which the many of neurons in the input layer equals the many
of neurons in the output layer and the many of neurons in the middle layer is less than the neurons in the
input and output layers. While training of the network, a new signal is created at the network's output layer
for each training sample. The goal of network learning generate the output signal as close to the input signal

as possible. The reconstruction error represents this similarity. By cascading and layer-by-layer training, an
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auto encoder may create a deep structure. Fine tuning may be conducted after the deep model has been
trained using layer-by-layer optimization by letting the complete network to rebuild. The ranking
prediction of the auto encoder-based collaborative filtering recommendation approach is generated by
adding the sums of the five vectors and scaling by the maximum rating K. In recent years, various forms of
AE have appeared in deep learning literature. Meanwhile, many variants of AE are used in RSs. Now, we
briefly introduce four common variants of AE in RSs: denoising AE, stack denoising AE, marginalized
denoising AE and Variational AE[fcs] Stacking numerous auto encoders together improves accuracy
marginally as well. However, the auto encoder-based collaborative filtering recommendation approach has
two drawbacks: it cannot handle non-integer ratings, and the decomposition of partly observed vectors
increases the sparsely of input data, resulting in lower prediction accuracy. Training deep auto encodes
suggested that using both well-established and relatively new deep learning approaches, auto encoders may
be effectively trained on very minimal quantities of data. Furthermore, they proposed iterative output
refeeding, a strategy that enabled them to make dense updates in collaborative altering, boost learning pace,
and improve prediction performance On the goal of predicting future ratings, their model surpasses previous
algorithms even when no extra temporal cues are included. While this technology supports item-based
models (such as I-Auto Rec), they believe that user-based models are more practical (UAutoRec). This is due
to the fact that in real-world recommender systems, there are typically many more users than products.
Finally, when developing a personalised recommender system and confronted with scalability issues, it is
allowed to sample things but not users.

5.7 CONVOLUTION NEURAL NETWORKS

Deep learning is quite effective for sequential modelling problems. CNN is a feed-forward neural network
that includes convolution layers and pooling processes. It is capable of capturing both global and local
features, considerably improving the model's efficiency and accuracy. It is extremely effective at analysing
unstructured multi-media data. CNN may extract picture characteristics. What Your Images Reveal
examines visual characteristics on POI recommender systems and presents a visual content augmented POI
recommender system. This method uses CNN to extract picture characteristics and is based on Probabilistic
Matrix Factorization, which investigates the interplay between visual information and latent user/location
factors.. A relative model with CNNs for picture recommendation is proposed in Comparative Deep
Learning of Hybrid Representations for Image Recommendations. The network is made up of two CNNs for
image representation learning and one MLP for user preference modelling. CNN may be used to extract
textual characteristics. Automatic Recommendation Technology for Learning Resources with Convolutional
Neural Network creates an e-learning resource recommendation model that employs CNNs to extract item
characteristics from learning resource text information such as the introduction and content of learning
material. CNN is capable of extracting characteristics from audio and video. The well-known CNN-based
model ResNet is used in Collaborative Deep Metric Learning for Video Understanding to extract audio
characteristics. The suggestion is carried out in the collaborative metric learning framework, which is
comparable to the CML stated above.
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Figure 1.2 Convolutions Neural Network Framework

5.8 RECURRENT NEURAL NETWORKS
The recurrent neural network (RNN) is well suited to visualising sequential data. RNN, apart from feed
forward neural networks, has loops and memory to recall previous calculations.

In practical terms, long short-Term Memory
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Figure 1.3 RNN Architecture

The vanishing gradient problem is commonly addressed by (LSTM) and Gated Recurrent Unit (GRU)
networks. The main concept of RNN-based collaborative filtering is to utilize RNN to predict and
recommend the user's behaviour by modelling the impact of the user's prior sequence behaviour on the
user's current behaviour. [78].

The RNN iteratively goes through the user's consumption sequence. The output is a soft max layer with a
neuron for every item in the catalogue, and the input is the one-shot encoding of the current item at each
time step. The k proposals are the k things with the highest number of neurons active.

5.8.1 RNN FRAMEWORK

The most advanced recurrent neural networks are "gated" RNNs, in which the internal state of the RNN is
controlled by one or more tiny neural networks called gates. The LSTM[9] is the original gated RNN,
although it has generated other versions [3, 7].
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In comparison to standard recommender systems, RNN-based recommender systems can use deep learning
techniques to automatically learn user and item feature vectors by combining multiple forms of diverse
multi- source data, modelling user behaviour sequence patterns, more accurately representing diverse user

tastes, and increasing recommendation accuracy.

VI. CONCLUSION

Emotion recognition from brain activity, particularly through EEG signals, represents a promising frontier
in affective computing, human-computer interaction, and personalized systems. Traditional methods relying
on handcrafted features often fall short when dealing with the nonlinear, dynamic, and noisy nature of EEG
data. In contrast, deep learning has emerged as a powerful tool, capable of automatically extracting high-
level features and learning complex patterns directly from raw signals.

This survey has examined various deep learning techniques—including CNNs, RNNs, LSTMs, hybrid models,
and particularly auto encoder-based architectures—that have significantly improved the accuracy and
robustness of EEG-based emotion recognition. Transformer models and supervised learning improve
performance even more, especially when managing limited labelled data and inter- subject variability. In
particular, auto encoders are essential for denoising raw EEG signals, deriving concise and meaningful
emotional representations, and enabling emotion categorization with better generalization. Furthermore,
new opportunities for more complex and trustworthy emotion detection systems are created by combining
deep learning with multimodal data sources.

Even with significant advancements, problems still exist in areas like data privacy, personalization,
generalizability across people, and real-time emotion tracking. Large-scale, diversified dataset creation and
the development of ethical and explainable deep learning models that can be easily incorporated into real-
world applications like emotion-aware recommender systems, adaptive learning systems, and mental health

monitoring should be the main goals of future research.
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I. INTRODUCTION

The implementation of artificial intelligence (Al) in investment management has intrigued scholars since
the 1990s. This is because of the rapid advancements in technology and the availability of HR computers.
During this period, the growth of computer finance, a branch of finance that seeks to apply arithmetical
strategies in the financial markets, paid [1] attention to Al technology. There are numerous advantages to
automating financial investments through an arithmetical system. These include accurate data discernment,
real-time information evaluations, and the lack of emotional bias that typically clouds critical Judgement
distortions for automated decision making. Hedge funds have already embraced the practice [2] of automatic
trading, but the application of Al technology has far larger untapped prospects in the domain. Al is

classically harnessed to accumulate funds in three principal areas.
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They are, financial portfolio optimization, future price predictions or trend forecasting of financial assets,
and sentiment analysis based on news or social media platforms. Some studies also explored the
interdisciplinary integration of diverse technologies beyond the mentioned Al fields.[3] This article looks
for new Al research developments published from 1995-2019 and examines the gaps along with advances
made studying Al between 1995 and 2019. The focus includes analyzing the most cited works and tracking

the application of Al in financial markets.
II. LITRATURE REVIEW:

The use of Al, even in such simple forms as automated embassy bots, has begun receiving scientific focus
due to stock trading since the mid-90s. The focus of this study is directly linked to increases in the [4]
computing power and the widespread utilization of PCs, which made it possible to analyze the algorithms
for computing financial diagnostics and automate trading procedures [Ferreira et al. 2021]. Embracing this
interdisciplinary [5] dimension is driven by the attempt to remove latent distortions, enhance the IT- based
trade, and uncover intricate market patterns.

As forecasting and judgement of the financial alternatives were becoming [6] more advanced, the first steps
towards the introduction of artificial intelligence were already made. For example, rule-based trading was
studied that utilized expert systems and required predefined criteria and set market indicators for automated
trading [citation: Early work on expert systems in fundraising]. However static systems are unable to
dynamically respond to the constantly [7] shifting and often chaotic bounds of financial markets, which was

the problem with these systems most realized.
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The development of artificial intelligence (AI) and machine learning (ML) after [8] the mid-20th century
gave rise to new paradigms for adaptive and intelligent automated trading systems. Neural networks (NNs)
in particular have proven to be outstanding predictive devices in stock price and market forecasting because
of their capability of learning complex data nonlinear relationships [cited: early application of neuronal
networks in time series forecasts containing financial data]. These applications confirm the ability of NNs to

comprehend market dynamics which most traditional models based on linear equations fail to capture.
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Trade plan design and portfolio optimization has also been accomplished using evolutionary computation
(EC) technologies such as genetic algorithms (GAS) and gene programming (GP). We applied gas to optimize
trade rule identification and developed NNSs [10] to enhance predictive performance by devising NNS
weight and architecture layers. GP, however, affords the capability to derive trade rules and strategies
directly from the data, allowing for endless strategic refinement which is not inherently limited [12].

Researchers are starting to think about using natural language processing and mood analysis techniques
because of the increased speed and volume [13] of financial data brought about by social media platforms,
online messaging, and real-time market feeds. According to textual data, the hypothesis was that market
sentiment offered important insight into upcoming price [14] movements and market volatility [quoted:
early work on correlations between moral analysis of financial news and market behaviours]. The goal of
incorporating mood analysis into trade bots is to go beyond just quantitative data and offer a more
comprehensive understanding of market [15] dynamics. Ferreira et al. (2021) discuss the ongoing
advancement and diversification of Al technologies utilized in stock exchange trading in literature spanning

1995 to 2019.
Documents by year

Documents

Year

During this period, price predictions and market trends were categorized using increasingly complex
machine learning algorithms, such as [16] support vector machines (SVMs), decision trees, and ensemble
methods. This study predicts machine learning using a range of machine learning algorithms. Additionally,
deep learning architectures like repeating neural networks (RNNS), including long-term short-term model
(LSTM) networks (LSTM), can be easily introduced thanks to the availability of arithmetic resources. These
architectures have demonstrated encouraging results for production stamp dependencies, [17] promotional
dependencies in temporary dependencies, and the promotional [18] dependencies of temporary
dependencies and production stamp dependencies. a profession that lacks focus. Production stamp

dependencies. A low-focused occupation.
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The use of Al also had a significant positive impact on portfolio optimization, another crucial component of
stock trading. The Markowitz intermediate variance frame and other traditional models of portfolio
optimization are frequently restricted to alternating between real complexity, such as transaction costs,
market bricks, and specific investment positions. In order to create a more reliable and useful approach for
portfolio allocation, we looked into AI technologies like fuzzy logic, swarm intelligence techniques and
evolutionary algorithms.

These include more complex approaches like support vector machines (SVMs), decision trees, and neural
networks, as well as more traditional statistical learning methods like time series analysis (like ARIMA) and
linear regression. Deep architectures such as neural networks, particularly repeating neural networks,
Complex dependencies in financial[19] data can be modelled by deep architectures like neural networks,
especially long short-term memory (LSTM) networks and repeating neural networks (RNNS). The term
"evolutionary calculation" (EC) describes the various classes of algorithms that use gene programming (GP)
and genetic algorithms (GAS) to optimize parameters or create trade rules. By interacting with the market
environment, bots can learn the best trading strategy thanks to the powerful paradigm known as Learning
for Enhancement (RL). Lastly, textual data from financial reports, social media, and news sources is analyzed
by Natural Language Processing (NLP) bots.

Second, bots can be categorized based on how they trade. When prices are persistent, the bot buys assets
when they are rising and sells when they [20] are falling. On the other hand, assets are typically purchased
at low prices and sold at high ones as prices tend to revert to historical averages. Arbitrage: Bots try to make
money by taking advantage of differences in prices for the same asset across different markets. High
frequency trading (HFT) bots use the short-term market's efficiency to execute a large number of orders at a
very quick pace. When certain events, like announcements and economic publications, occur, event-
oriented [21] bots produce transaction signals. Third, the amount of human involvement necessary for bot
operation is defined by the cycling wheel. Without human oversight, a fully autonomous bot operates

flawlessly.
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Comparative analysis of Al technologies in inventory trading bots:

To determine your suitability for a range of market conditions and trading objectives, it's critical to compare
the Al technologies used in bots. Every technology has pros and cons that impact things like arithmetic
complexity, forecast accuracy, risk management abilities, and flexibility in response to market shifts.

Even though machine learning (ML) techniques are generally good at finding patterns in data, their
prediction accuracy can vary greatly. While [22] more complex models like neural networks can achieve
higher accuracy, they are more prone to over-adjustment. Simple models like linear regression [23] must
account for nonlinear dynamics in financial markets. Even though training data weakens the model, over
adaptation— which is inadequate when employing invisible data—poses a serious risk to stock trading
because market conditions are ever-changing. Another crucial factor to take into account is risk
management. ML models can incorporate risk management guidelines, but how well they forecast market
volatility and possible losses will determine how effective the model is. Another [24] factor is adaptability.
Retraining certain ML models on a regular basis is necessary to maintain performance in shifting market
circumstances, whereas others exhibit greater resilience. The complexity of computers varies greatly, with
more basic models being more complex ones that need significant computational resources, like deep
learning [25] and calculations. Examining a variety of trade strategies and optimizing parameters are
characteristics of evolutionary calculation (EC) methods. Their ability to change tactics over time is what
makes them strong. The best [26] answer is not always guaranteed by this computationally intensive process.
Fitness features that penalize risky tactics are typically used to record risk management for EC-based bots.
Learning optimal trade strategies through direct market interaction and adapting to changing market
conditions are two benefits of Rearming for Remuneration [27]. RL bots are able to efficiently manage risk
and learn intricate trading behaviours.

By incorporating mood analysis into transaction decisions, NLP (natural language processing) techniques
offer a distinctive viewpoint. By capturing market sentiments not represented in historical price data, this
enables increased forecast accuracy. However, noise and text data quality can have an impact on mood
analysis accuracy. The methods employed determine the arithmetic complexity of NLP, ranging from
straightforward mood evaluations to more intricate, deep [28] learning-based approaches. Over
time, the adoption of Al technology has changed. This is because of advancements in data availability and
processing power. While recent research has increasingly investigated deep learning and RL, early research
concentrated on more basic ML [29] and EC techniques. The choice of technology is frequently influenced
by computing power, data availability, and the particular business partner.

Open challenges and future directions in AI-driven stock trading bots:

Although there have been significant advancements in the use of Al in stock trading bots, a number of
significant obstacles still stand in the way of their general acceptance and peak functionality.
Unpredictability and market volatility are major obstacles. A multitude of factors, many of which are
predictable, impact [30] financial markets, which are inherently dynamic. AI models that have been trained
on historical data may find it challenging to adjust to abrupt changes in the market or unusual occurrences,
which could result in lower prediction accuracy and possible losses.

Another major worry is the problems of over-adaptation and generalization. It is easy for complex Al
models particularly deep learning architectures to comprehend noise and false correlations, overwhelm
training data, and interpret them as opposed to real market signals. As a result, historical data performs
exceptionally well, but bots' abilities will be effectively generalized if invisible real market data performs

poorly. Careful [31] model selection and strong verification methods are needed to lessen this difficulty.
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Another significant barrier is the availability and quality of the data. The quality and expressivity of the data
used to train an Al model have a significant [32] impact on its performance. Financial data is noisy,
unreliable, and subject to biases of all kinds. Furthermore, having access to precise information and high-
quality data can costly and constrained. To increase the dependability of Al trade bots, more reliable data
pre-processing methods must [33] be developed and alternative data sources must be explored. Particularly
in complex Al models like deep learning and high frequency trading bots, computing costs and
infrastructure requirements can be significant. Important arithmetic resources, including specialized
hardware and cloud computing infrastructure, are needed for training and [35] delivering these models. For
individual dealers and small enterprises, this may be a barrier to entry.

Concerns about ethics and regulations are growing in significance as Al trade bots proliferate. Regulators
must handle issues like algorithm [36] distortions, market manipulation, and potential systemic risks with
caution. To guarantee equity and openness, ethical standards for the creation and application of [37] Al in
funding are also required. Finding AI decisions is a "black box" problem that is crucial, particularly for risk
management and formal compliance. B. Deep neural networks and other [38] sophisticated Al models are
absent. It is frequently challenging to comprehend the reasons behind a specific trade bot's transactions,
which hinders the ability to spot possible problems, justify losses, and foster confidence between users and
the oversight body. It is crucial that described AI (XAI) technology be developed.

In the future, a few encouraging research directions present the chance to tackle these issues and advance
the field of AI- powered stock trading bots. Improvements in deep learning will probably result in better
prediction abilities as more complex architectures and training techniques are developed. A more resilient
and [39] flexible trading system might be possible with the incorporation of hybrid Al models that combine
the advantages of different technologies (for example, neural networks with fuzzy logic or evolutionary
algorithms.

Future research in the crucial field of explanatory AI (XAI) aims to create Al models that shed light on the
decision- making process. Building trust, encouraging debugging, and meeting formal requirements all
depend on this. The development of autonomous trade forces through Learning for Reinforcement (RL)
holds great promise for teaching students the best course of action in a [40] changing market. Future studies
will probably concentrate on creating RL algorithms for financial therapy that are more reliable and
effective.

The accuracy of the trading signal can be increased and a more nuanced picture of the market mood can be
obtained by using advanced mood analysis techniques, such as context- related understanding and
multimodal data (text, audio, video, etc.). Beyond conventional financial data, alternative data integration—
such as information from social media, news analytics, satellite photos, and other unconventional sources—
can yield insightful information. To guarantee the security and stability of these systems, it is crucial to

create a strong risk management framework that is especially suited to an Al-controlled trading strategy.

ITII. CONCLUSION:

This industry does, however, face ongoing challenges, such as the inherent unpredictability and volatility of
financial markets, the risk of over adaptation, the requirement for high- quality data, computational costs,
ethical and regulatory issues, and the opaqueness of certain Al models. For a more comprehensive

introduction, these issues must be addressed. Regarding the future, it looks bright for Al in stock trading.
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There are a number of crucial research guidelines available to help advance. You will have a more

intelligent, dependable, and transparent stock thanks to deep learning innovation, hybrid-KI model

development, accountable Al, reinforcement learning, demanding mood analysis, integrating alternative

data sources, and establishing strong risk management framework conditions. The future of financial

markets and their AI will surely be shaped by ongoing research and advancements in these fields.

[16].
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I. INTRODUCTION

In AD, or Alzheimer's Disease, is not just a medical condition it is a disease that profoundly affects people,
families, and communities overall. Becoming the leading cause of dementia, Alzheimer's now affects over 55
million individuals worldwide, and it's marked by persistent memory loss, growing confusion, and a steady
deterioration in cognitive function. The present changing demographics indicate that the world's population
is rapidly aging, such that the victims of AD could be expected to almost double every two decades. Early
detection in this respect would thus be crucial in addition to proper diagnosis.

Detection of Alzheimer's in its initial stages is likely to be one of the most significant challenges to dealing
with it. Irreversible brain tissue damage is frequently experienced long before symptoms are observable.
Magnetic Resonance Imaging (MRI) has emerged as a key diagnostic and monitoring tool for AD. In contrast
to conventional scans, MRI can detect non-invasively subtle structural alterations in the brain, particularly
the hippocampus, well before symptoms appear.

There are several numbers of research studies that already been conducted on Alzheimer's Disease.
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Most of the research studies have employed two major approaches, i.e., machine learning and deep learning,
in an attempt to detect and classify the different stages of Alzheimer's disease. R.A Hazarika et al.
demonstrate a comprehensive discussion of various research work that has already been conducted using the
OASIS (Open Access Series of Imaging Studies) or ADNI (Alzheimer's Disease Neuroimaging
Initiative)dataset. They demonstrated that various research works used different methods some use machine
learning while others employ deep learning techniques. Examining all the papers they concluded that, for
image classification deep neural based classifying models such as ANN (Artificial Neural Network) can yield
a good result with respect to other models. Researchers mostly utilize various transfer learning models
which is one area of deep learning: M. Hon et al. utilized VGG16 and Inception to train their OASIS dataset
and achieve a very good result in Inception. But they didn't employ any data pre-processing method and
due to this, their model could be plagued with an over fitting issue. N. Raza et al. also presented a pre-
trained model, wherein they train only the last two blocks. Here, they used MRI images as input. After
applying certain pre-processing methods, they obtained a GM slice (Grey Matter) and then input the GM
slice into a CNN model and obtained the classification outcome between AD (Alzheimer's Disease), LMCI
(Late Mild Cognitive Impairment), MCI (Mild Cognitive Impairment) and NC (Non-Cognitive). Besides this,
Ms. H. Acharya et al. also investigated a Kaggle dataset and developed a deep learning model which is
applied for multiclass classification. They have named their suggested model- modified AlexNet in which
they employ a total of 8 layers: 5 are the specification and 3 are fully connected layers. They have cross-
checked their model with 3 models: basic CNN, ResNet, and VGG, and achieved a high accuracy on their

suggested model. They employed data augmentation to eliminate the class imbalance issue.

II. LITERATURE REVIEW

Current developments in artificial intelligence, specifically deep learning, have impacted Alzheimer's
Disease early diagnosis immensely. An increasing number of studies utilizeeneuro imaging, multimodal
information fusion and transfer learning to enhance diagnostic precision and clinical utility.

[1] In their article "Fuzzy Logic and Fog-based Secure Architecture for Internet of Things (FLFSIoT)," the
authors demonstrated an intelligent and secure architecture optimized for healthcare IoT use. With the
combination of fuzzy logic and fog computing, the system responds to latency, privacy, and scalability—
remote medical monitoring's principal challenges. While not explicitly cantered on Alzheimer's, the model
is significant in its application to real-time neurological monitoring and safe data processing in Alzheimer's
diagnosis and care models.

[2] This research suggested a CNN-based deep learning model for enabling early detection of Alzheimer's
Disease from MRI scans. The model extracted imaging data features automatically, allowing for high-
accuracy classification of patients into cognitive normal (CN), mild cognitive impairment (MCI), and
Alzheimer's Disease (AD) groups. The research showed the efficiency of the CNN in detecting minute
anatomical changes related to Alzheimer's progression.

[3] The researchers addressed the use of big data analytics in healthcare service optimization. Their system
utilized big datasets to enhance diagnostic accuracy, resource allocation, and customized treatment planning.
Although the study was more expansive in its healthcare context, implications for Alzheimer's involve
improved data-driven decision-making and predictive analytics through the use of past patient data.

[4] This research applied deep residual learning, a deep neural network, in analyzing neuroimaging data for

the prediction of Alzheimer's development. Using ResNet architectures, the model was able to capture deep
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hierarchical features from MRI scans. The paper highlighted how residual connections assist in reducing
vanishing gradient issues and greatly enhance MCI-to-AD conversion prediction accuracy.

[5] This chapter summarized both structural (e.g., MRI) and functional (e.g., PET, fMRI) neuroimaging
modalities for diagnosing Alzheimer's. It emphasized how complementary such a combination is—whereas
structural scans show patterns of atrophy, functional imaging gives information on metabolic function.
Their research favours multimodal strategies to enhance diagnostic strength and early detection.

[6] One of the major contributions of this research was the creation of a multimodal, multistate deep neural
network that processed both FDG-PET and structural MRI images jointly. This fusion model improved
diagnostic accuracy by learning fine-grained anatomical features and metabolic abnormalities. The network
produced state-of-the-art performance on Alzheimer's datasets, establishing a precedent for multi-input
deep learning architectures.

[7] While the emphasis was on distinguishing atypical Parkinson Ian syndromes with SWI MRI imaging and
brain iron patterns, the approach can be applied to Alzheimer's diagnosis. The research demonstrated that
deep learning models can accurately classify neurological disorders based on subtle imaging biomarkers,
promoting their wider use in neurodegenerative disease diagnostics.

[8] The researchers used different CNN models on structural MRI scans of the ADNI dataset to identify
Alzheimer's phases. The study emphasized the ability of CNNs to identify disease-specific patterns without
the need for manual feature engineering. It also compared multiple CNN architectures and verified the
models between training and test splits with identical performance.

[9] The paper gave a beginner-oriented but technologically sound overview of transfer learning. It covered
such concepts as fine-tuning, feature extraction, and domain adaptation—methods very useful in the
diagnosis of Alzheimer's because of the availability of limited labelled medical data. The research supported
the use of recycled retrained models (such as those trained against Image Net) for neuroimaging applications.
[10] This pioneering work classified transfer learning methods into inductive, transductive, and
unsupervised categories and set the stage for its application across domains. The survey is widely referenced
in medical Al research and forms a theoretical basis for transferring knowledge between general image
domains and Alzheimer's neuroimaging data.

L Al Researchers/Computer Scientists (Tech/precise tone:)

Alzheimer's Disease is a chronic neurodegenerative condition that presents complex classification
difficulties due to its mixtures of cognitive impairment in the form of hints and progressive phases.
Structural MRI has proved helpful in tracking the brain alterations of AD, but manual evaluation of these
scans is time-consuming and prone to inconsistency between different readers. Automatic analysis is done
more efficiently through deep learning techniques, particularly Convolutional Neural Networks (CNNs).
One of the simplest, deepest, and most successful for medical image classification is VGG16 and is thus
chosen to be researched.

II.  Clinicians/Neuroscience Audience(medically aligned tone):

Alzheimer's disease (AD) is a neurodegenerative condition that impacts not just memory, but entire support
systems and families. Being healthcare providers, we know that proper and early diagnosis can quite
radically alter the patient's care regime. Although MRI imaging is extremely important in the assessment of
brain atrophy, conventional measurement is quite subjective and inconstant. In the last decade, perhaps one
of the most quickly emerging fields—artificial intelligence, or more specifically deep learning—seemed to
have some ability to assist in this issue. The purpose of this paper is to examine the use of one of the most

well-known deep learning models, VGG16, for diagnosing Alzheimer's phases from MRI scans. The aim is
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not to replace clinical evaluation but to complement it with objective facts to enable quick and accurate

clinical measures.

a)Non-Dementia  b)Mild-Dementia c¢)Moderate Dementia

Figurel. Images of Normal and Disease Affected Brain

III. EXISTING SYSTEM

In recent years, there has been significant research activity in the field of using deep learning techniques to
recognize Alzheimer's disease. DL models(Deep learning), specifically CNNs-Conv. NN(Convolution Neural
Network) s and RNNs recurrent neural networks, have demonstrated encouraging outcomes in detecting
patterns and extracting features from diverse medical imaging modalities and clinical data. These
advancements aim to facilitate the timely detection of Alzheimer's disease [4][5]. Here is an overview of
some key research works in this field:

Prediction of Alzheimer's disease using a Conv. NN(Convolution Neural Network) Algorithm (CNN) is not a
common approach. CNN algorithms are largely used for image recognition and classification tasks, while
various machine learning algorithms, such as logistic regression, support vector machines (SVM), random
forests, or deep learning architectures like recurrent neural networks (RNNs), are typically used to predict
Alzheimer's disease.

Deep AD, a system that has been developed that uses CNN for Alzheimer's disease prediction, was suggested
by Sarraf and Tonight in 2016. Brain MRI scans are analysed by Deep AD using a 3D CNN architecture to
determine the possibility of the disease. The model divides the 3D volumetric data into different groups for
normal, moderate cognitive impairment (MCI), and Alzheimer's disease using hierarchical features that it
has learned from the data[6][8]. The Deep AD system employs a staged methodology. Prior to feeding the
3D patches into the CNN model, it pre-processes the MRI data. These patches teach the CNN spatial
information that it uses to distinguish between healthy and sick brain areas[7]. The patients are then divided

into various diagnostic categories using the output features.

IV. PROPOSED SYSTEM

In this project, the detection and categorization of normal and abnormal brain cells in medical image head
MRIs was performed using a dataset containing thousands of images, leveraging the deep learning-based
VGG16 method that performed feature extraction on segmented areas of images. The process of
classification utilized a feature extraction method which collects texture and shape features from the MRI
images of the brain's regions. A Neural Network was utilized to classify the different stages of Alzheimer ’s
disease using Multi-Class classification. The executed technique has shown great strides in image processing
accuracy as compared to traditional methods.

The proposed work involves the following steps:
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1)  Data Collection and Pre-processing: Relevant data were gathered from diverse sources and pre-
processed to ensure consistency and quality.

2)  Algorithm Selection: Deep learning algorithms were carefully chosen to develop the Alzheimer's
prediction model, considering their suitability for the task.

3)  Model Training and Testing: The model was trained and tested using the collected data to assess its
performance and accuracy, ensuring robustness and reliability.

4)  Model Optimization: Hyper-parameters were fine-tuned, and feature selection techniques were
applied to optimize the model, enhancing its predictive capabilities.

5)  Model Deployment: The finalized model was deployed for practical use in clinical settings, aiming to
support early detection and prevention of Alzheimer's disease.

A. System Overview

The Alzheimer's Classifier is a deep learning model developed using the Vggl6 architecture. This classifier is

specifically designed to assess and categorize brain imaging data to identify patterns associated with

Alzheimer's disease.

The ultimate aim of the project was to leverage the capability of deep learning to build a predictive model

that would enable medical professionals to determine those at risk of Alzheimer's disease early. This allows

for earlier intervention and ultimately leads to better health outcomes. Figure 2 shows the system

architecture utilized in realizing this aim, representing the components of the framework visually and how

they interact.
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Figure2. System Architecture

Gather MRI Data: Collect a dataset that consists of MRI scans from individuals, including healthy subjects
and those diagnosed with Alzheimer's disease. Ensure that dataset is diverse and representative.
Pre-processing: Utilize pre-processing methods on the MRI scans to improve their quality and eliminate
irrelevant information. This can involve resizing the images, normalizing pixel values, and applying noise
reduction filters.

Split Data: Divide the pre-processed MRI scans into three subdivisions: training data, validation data, and
test data. The data that is subjected for training helps in training the CNN model, the validation data will
helps in tuning hyper parameters and estimation of the model's performance during training, and test

dataset is used for testing to assess the final model's performance.
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Train the Model: The Conv.NN(Convolution Neural Network) model using the training data. In the phase of
training, the model learns to extract appropriate features from MRI scans and make estimates depending on
the extracted features. The model parameters are adjusted iteratively to decrease the prediction error.
Validate Model: Periodically calculate the performance of the Conv.NN(Convolution Neural Network)
model on the validation data. This helps to detect overfitting and guides the adjustment of hyper parameters
to optimize the model's capacity for generalization.

Test Model: Evaluate the final trained Conv.NN(Convolution Neural Network) model on the test data,
which represents the information has never been trained. Measure various metrics such as accuracy, F1-
score, recall, precision and to assess the model's performance in predicting Alzheimer's disease.

Evaluate Results: Examine the performance measurements derived from the evaluation of the model, taking
into account some of the metrics like accuracy, sensitivity, specificity, and potential limitations or biases
present in the dataset. Assess the CNN model's efficacy and dependability in predicting Alzheimer's disease.
Deploy Model: Once satisfied with the model's performance, deploy it in a real-world setting for
Alzheimer's disease prediction using new, unseen MRI scans. Continuously monitor the model's

performance and update it as needed.

V. PERFORMANCE METRICS

Evaluation of deep learning models for Alzheimer’s disease (AD) stage classification requires the use of
objective and quantifiable metrics. These metrics in turn make sure that the model does which it reports
very high accuracy also does well in clinical settings which is what we are most concerned with in terms of
sensitivity and specificity. Also included below are the main performance metrics:

A. Accuracy

TP +TN
TP +TN + FP + FN

Accuracy =

/ Gather MRI Data /

1

/ Preprocessing /

Splitting of Dataset

1!

lrain VGG 16 Model

TrainVGG19 Model

Frain Inceptionv3 Model

I

Validate the model Using Validation Dataset

!

Test the model Using Test Dataset

|

Evaluate the Model

Figure3. Flow chart for the Alzheimer’s Prediction
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Accuracy is helpful when class distributions are balanced but can be misleading when there's a class

imbalance.
Training and Validation Accuracy

0.90 1 —— Training Accuracy
-~ Validation Accuracy

0.50

o 2 4 6 8
Epochs
Figure4. Accuracy rate of training and validation
B. Precision
TP
TP + FP
High precision means fewer false positives, which is important in avoiding over diagnosis of AD.C.
C. Recall(Sensitivity)

Precision —

i =
Recall — TE + N
. F1 .
Accuracy | Precision | Recall Traning
Model (%) o) | (%) SE;‘:}E Time Epoch
VGG16 06.30 058 | 962 | 06 1423
VGG10 06.81 06 067 | 063 2483
ResNet50 | 71.25 70 725 | 7112 5503
D“"“ff‘*" 86.55 g5 | 872 | 86 8125
M“bﬂ‘zﬂ‘“' 86.4 853 860 | 862 5323

High recall ensures that most AD cases, especially early-stage, are not missed.

D. Confusion Matrix

Confusion Matrix .

meningioma

Actual Class
glioma

pitvitary

meningioma glLioma pituitary
Predicted Class
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VI. COMPARATIVE ANALYSIS

Comparative we see that which aspects of VGG16’s performance as applied to Alzheimer’s classification via
MRI images is it that which does better than other CNN architectures and which doesn’t.

Table:1.VGG16 vs. Other CNN Architectures

We note that VGG16 does have a very good balance of performance and low computational requirement.
Though models like ResNet and Dense Net do out perform in certain situations what we see is that which
comes at a tradeoff of increased training time and issues with model complexity. In the large scale real world

and in settings which have resource constraints VGG16 is a practical and very reliable option.

VII. FUTURE ENHANCEMENTS

The application of VGG16-based deep learning models for classifying Alzheimer's Disease (AD) stages has
yielded promising results, but there is significant opportunity for improvement and innovation. To advance
these models towards clinical use and enhance the diagnostic processes, further research can work on the
following:

A. Incorporating Multi-Modal Data

Current VGG16 implementations rely primarily on structural MRI data. However, incorporating multi-
modal PET scans, genetic data (for instance, APOE 4 status), cognitive assessments, and even lifestyle
information would enhance understanding of the disease's progression. The integration of these features
through attention-based architectures or transformer models could considerably improve diagnostic
accuracy.

B. Explainable AI(XAI) Integration

In the health care field one of the primary issues with deep learning is that it is a black box which is hard to
interpret. We put forth that use of explain ability tools which include Grad-CAM, LIME, or SHAP in
VGG16 systems would allow clinicians to see which brain areas played a role in the model's decision which
in turn will increase clinical trust and interpretability of results.

C. Longitudinal Analysis

Present research mostly is done using single time point MRI scans. We should see more study done on
longitudinal modeling which is the use of multiple time interval brain scans to tracking disease progression.
This may be accomplished via the use of temporal convolutional networks and recurrent neural networks in
addition to CNNs like VGG16.

D. Lightweight and Deployable Models

In practical hospital settings which in many cases are resource poor we see that computation resources are a
issue. Research should look into model pruning, quantization and knowledge distillation which in turn will
make VGG16 based models faster, smaller, and enable deployment on edge devices (examples of which are
portable MRI machines and mobile apps).

E. Robustness and Generalization

Many of these models also experience over fitting which is a result of use of small and similar datasets. Also
for future research to look at:

Expand the use of larger and more diverse data sets which include various ethnicities and MRI machines.
We also put forth the use of cross-site validation and domain adaptation which in turn will see the model

perform better in diverse clinical settings.
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VIII. CONCLUSION

Alzheimer’s Disease is a large scale health issue on a global level that which early detection and accurate
staging play key role in better patient results and treatment results. In recent years we have seen that deep
learning’ and the use of Convolutional Neural Networks which include VGG16 have brought about new
methods for noninvasive and automatic diagnostic tools using brain MRI.

This study reports that VGG16 which presents a simple yet in-depth architecture, has at large become a
used as primary tool in present research for feature extraction and classification in the case of AD. What we
also note is the model’s adaptability in various forms such as with transfer learning, into hybrid models and
in the 3D setting what this shows is that in many ways it is a flexible and effective agent in medical image
analysis.

Also from a performance perspective the model is presented to do very well which is that is it competitive
in terms of accuracy but at the same time reports less computational cost as compared to much more
complex models like ResNet and DenseNet which in turn makes it a better fit for clinical use settings that
have limited computer resources.

Also we see that VGG16 based models are at present doing well in what relates to Alzheimer’s stage
classification and that ongoing development and work that crosses disciplines is put forth as important in

the transition of these models out of the research stage to become trusted diagnostic tools.
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I. INTRODUCTION

The global tourism landscape is rapidly evolving with travellers now expecting more than basic trip
organization. With increasing demand for personalization, safety, group coordination, and environmental
consciousness, conventional apps fall short. Trek Trove responds to this need by offering an adaptive, Al-
powered travel companion.

Instead of treating travel as a checklist, Trek Trove empowers users with tools that dynamically react to
weather, budget constraints, group interactions, and even mood. It encourages discovery of hidden locations,

facilitates multilingual interaction, and promotes eco-conscious behaviour all within one unified platform.
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This paper outlines the design methodology, architecture, technical integration, and feature-wise

innovations that position Trek Trove as a next generation travel planner.

II. ARCHITECTURE

The system is built using a modular, layered architecture that separates user-facing components from

backend logic and external data services. It ensures scalable, responsive, and secure interactions.

Travel Planner External APls

g Budget Weather API
Management
Itinerary Points of
User Generation Interest API
User
Group Language API
Interface Coordination
Mobile/Web —
Al
= Music API
Eco-Travel
Data Storage APis

A. User Interface

e React-based web/mobile app with modern UI/UX

e Supports offline journaling, responsive layouts, dark/green mode

e Central hub for planner, journal, map, and community

B. Core Planner Engine

e Central Al unit handling budget planning, itinerary generation, and group management
e Connected to backend micro services for feature isolation

C. Data Storage

e Firebase/Mongo DB stores user profiles, journals, expenses, preferences
e Real-time sync ensures up-to-date data across sessions

D. External API Integration

e API - For itinerary changes based on forecast

e POI API - Discover local attractions

e Language API - Instant translation cards

e Music API — Mood-based playlist duration

e Eco-Travel API — Recommends low-impact transport/lodging

III. PROPOSED METHODOLOGY

A. Smart Budget Allocator
Analyzes average destination costs, compares API sourced pricing (e.g., hotels/flights), and distributes the

budget across categories. Built-in logic suggests budget reallocation in case of cost spikes or emergency needs.
B. Hidden Gems Explorer

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



Uses crowd sourced reviews and third-party blogs to discover non-touristy yet rated destinations. Matched

» < » <«

to user tags like “foodie,” “adventure,” “history,” etc.

C. Weather-Adaptive Planner

Adjusts the plan using real-time weather data. E.g., swaps beach visit for a museum tour if rain is expected.
Ensures a flexible but fulfilling trip.

D. Emergency SOS System

One-touch button that sends location, contact, and safety status to emergency contacts via SMS or app
notification

E. Group Cost Splitter

Collaborative tool allowing users to log expenses, view balance sheets, and fairly split bills. Works well for
friend groups or team trips.

F. Instant Language Translation Cards

Provides essential phrases with phonetic spelling, local script, and audio playback even offline. Great for
Navigating language barriers.

G. Mood-Based Playlist Generator

Analyzes user activity, location, and journal input to auto-generate playlists from Spotify/YouTube APIs.
Reflects emotional context of the trip.

H. AR City Guide

Uses the phone camera and GPS to overlay interactive information on landmarks. Built using
ARKit/ARCore for immersive tourism.

I. Eco-Friendly Suggestions Suggests transport like e-scooters or trains over flights, filters eco-certified

hotels, and shows carbon impact of trip choices

IV. COMPARATIVE ANALYSIS WITH EXISTING SYSTEMS

Feature Trek Trove | Google Travel | Triplt | Polarsteps
Budget Optimization v X X X
Hidden-Gem Discovery v X X X
Weather-Adaptive Planner v X X X
Group Cost Splitter v X X X
SOS Alerts v X X X
Language Cards v X X X
Mood-Based Playlist v X X X
Augmented Reality Guid v X X X
Eco-Friendly Suggestions| v X X X

Trek Trove leads across all advanced categories, making it a more intelligent and immersive solution.

V. USER EXPERIENCE AND INNOVATIONS

Dark/Green Ul: For readability, elegance, and eco-conscious branding
Offline Mode: Users can access journals, maps, and phrase cards without internet

Push Alerts: Real-time notifications for weather changes, safety alerts, and more
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Gamification: Badges and achievements for visiting green places, completing trips

Voice Integration (Future): Plans for hands-free itinerary changes
VI. FUTURE SCOPE

Trek Trove can be expanded into a complete travel OS through:

e Block chain for Travel Logs: Immutable, verifiable travel histories

e Al Chabot Assistant: Conversational trip planning

e Local Partner API: Integration with travel agencies and eco-certified vendors

e User-Generated Content Feed: Location-based social sharing

VII. CONCLUSION

Trek Trove emerges as a comprehensive, intelligent travel planning assistant that not only simplifies trip
organization but redefines the very nature of exploration. Through its Al-powered, real-time adaptive
system, it addresses key limitations in current travel apps such as static itineraries, lack of personalization,
and inadequate support for emergencies, group coordination, or sustainable travel.

By incorporating a Smart Budget Allocator, Hidden Gems Explorer, Weather-Aware Planning, and an
Emergency SOS module the platform actively supports real-world decision making. Meanwhile, features
like Augmented Reality City Guides, Language Translation Cards, and Mood Based Playlists enhance user
immersion and cultural connection. With eco-friendly suggestions and trip impact awareness, Trek Trove
encourages environmentally conscious tourism without compromising on user experience.

The modular architecture backed by APIs, real-time data, and a responsive frontend—makes the system
scalable, flexible, and ready for future upgrades. As travel becomes more integrated with technology,
platforms like Trek Trove pave the way toward context-aware, emotionally intelligent, and socially
responsible travel solutions.

Future enhancements such as block chain-backed travel logs, Al travel companions, and smart city
integration offer promising directions. Overall, Trek Trove demonstrates how next-generation travel
planning can be elevated into a safe, smart, and sustainable journey, reshaping the way we explore the

world in the digital age.
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