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DISEASE MECHANISM EVALUATION AND 
FORECASTING FOR DOCTORAL REFFERAL

1SUPRIYA SAWASHERE, 2DAMINI MISHRA, 3POONAM TIWARI, 
4PRACHI AWALE,5TEJAS AMDARE

HOD of Artificial Intelligence and Computer Science, JD College of Engineering and 
Management

The majority of apps in India have integrated both hardware and software innovations from the modern 

era. The medical industry has also evolved and is prepared to embrace the shifts in therapy that come with 

the virtual mode. Even so, there are numerous internet applications that mislead consumers when seeking 

medical advice and treatment. People are becoming anxious and perplexed when choosing the best 

hospital and physician for their care. Furthermore, the majority of loved ones are too shocked to think 

clearly, complicating the process of selecting the best hospital. To choose the best hospital, most 

individuals prefer to consult with a well-qualified person they know. In certain cases, a person receiving 

treatment for one disease may not benefit from the same treatment for a different ailment. There is very 

little chance of healing someone even if they are transported in some way to the nearest hospital. As a 

result, the person’s time, money, and health will all be directly impacted. The suggested method, which 

uses a machine learning approach to analyze and forecast the patient’s physical symptoms and make 

recommendations for the hospital, may be useful in such circumstances.

Keywords - Personalized Health Suggestions, Health Information, Machine Learning, Healthcare 

Recommendations

I. INTRODUCTION

Finding a hospital with the greatest expertise to treat our illness is crucial when facing health issues. 
Locating hospitals with the right personnel to effectively treat an illness often relies heavily on 
recommendations from friends, which are usually based on trust and personal opinions. 

However, hospitals possess large volumes of data about patients and their health indicators. Therefore, a 
practical method for medical practitioners to efficiently utilize this information is required. By offering a 
precise analysis of hospitals, a recommendation method aims to eliminate the uncertainty and reliance 
on anecdotal suggestions.

These systems are designed to assist healthcare providers in meeting their objectives and enhancing the 
patient experience. A medical recommendation engine could bridge this gap by searching the database 
for individuals with similar health criteria based on a patient's current status, medical history, present 
medications, symptoms, and previous treatments. 

In this work, we describe a recommender system that helps users find appropriate treatments for medical 
issues. This system can identify patient similarities and recommend doctors and hospitals that best 
match the patient's profile.
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The objective is to illustrate the current options available to healthcare professionals to enhance the 
hospital selection process and choose the best treatment for their patients. Section 2 provides an 
overview of the platform and the recommender system; Section 3 presents the findings of an initial 
experimental assessment; and Section 4 offers recommendations and outlines future work. The 
application of recommender systems in the healthcare industry is essential to assist medical 
professionals and end-users in making more accurate and efficient health-related decisions.

We present a comprehensive review of the literature on healthcare recommender systems in this paper. 
Unlike other existing overview articles, this work offers insights into various recommendation 
methodologies and scenarios. Examples include recommendations for food, medications, health status 
forecasts, healthcare services, healthcare professionals, and hospital recommendation systems. 

Healthcare Recommender Systems (HRS) provide enhanced customization by offering detailed 
recommendations and improving users’ understanding of their medical conditions. Besides improving 
patient experiences and health outcomes, these systems promote healthier lifestyle choices. HRS utilize 
medical resources to help make more accurate recommendations for patients.

II. LITERATUREREVIEW

Many optimization strategies for regression and classification algorithms have been proposed to 
improve the precision of data analysis with continuous features. To store large volumes of structured 
data, the operations must be divided into big bases, such as those found in Hadoop, Cloud computing, 
reduction techniques, and technologies based on Apache Spark.

Neural networks and population density predictions by the IBM artificial intelligence system enhance 
practicality. For instance, Watson Health can already recommend a patient’s optimal course of treatment 
based on evidence-based medicine and historical patient outcomes. 

Working with both structured and unstructured data requires technologies like data mining, deep 
learning, reinforcement learning, evolutionary learning, supervised learning, and unsupervised 
learning.

The queuing model (Qm) and the agent-based model (ABM) are used to examine patient flow and access 
via emergency departments. An agent-based simulation technique is utilized to schedule patientcentered 
appointments. Technologies such as neural networks, real-time databases, recommendation engines, 
Raspberry Pi, Google Firebase, deep neural networks, and Python are commonly employed. 
Additionally, data analysis, natural language processing, and sentiment analysis are also used.

In the field of IoT, technologies such as RDF query language (SPARQL) queries, simple protocols, and 
description logic (DL) are employed to analyze data. A range of technologies, including supervised 
reinforcement learning, dynamic therapeutic regimens, and deep sequential recommendations, were 
used in the development of the Hospital Recommendation System (HRS). [1].[3].

III. PROPOSEDMETHODOLOGY
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CatBoost is an algorithm for gradient boosting on decision trees. It is developed by Yandex researchers 
and engineers and is utilized in various applications such as search, recommendation systems, personal 
assistants, self-driving cars, weather prediction, and more. Yandex and other companies, including 
CERN,Cloudflare, and Careem taxi, use it. CatBoost is open source, making it accessible for use by 
anyone.

Results
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IV. RESEARCH GAP

� This study offered a thorough analysis of the literature for the Medicine Recommendation Engine, 
which is based on a graph database.
� These inquiries can be divided into two groups:
� Machine learning and data mining.
� Ontology and rule-based methodology.
� Numerous elements are involved in this, such as illnesses, platforms/technologies, interfaces, 
algorithms, data storage, data gathering, and data processing.
� Most studies did not focus on any particular illnesses due to a lack of data.
� Mobile-based systems are used to select hospitals in a city according to factors including distance, 
cost, doctor availability, and facility availability.
� Population density is estimated using large-scale LBS data.
� It is capable of estimating the current population and projecting changes at every hospital.
� The hospital queuing suggestion system effectively schedules each treatment job queue, avoiding 
overpopulation.
� This approach offers a successful treatment plan that reduces the total amount of time patients must 
wait.
� For every patient, a practical and effective treatment plan is created along with a recommendation 
system for parallel hospital queuing.
� Algorithms and HQR systems are used to achieve high performance and precision.
� The diagnosis methodology for an intelligent illness suggestion system, which also provides a 
revolutionary artificial intelligence design approach based on smart healthcare systems, is used by 
medical diagnosis support systems.
� A hospital recommendation system based on patient satisfaction surveys is introduced to discover 
links between patient demographics and their various satisfaction indicators.
� The real-time hospital recommendation system serves as a proof of concept for the potential of neural 
networks in the healthcare industry.
� User and patient feedback is taken into consideration by the medical recommendation system.
� These techniques have demonstrated promising results when applied promptly to assess unstructured 
user or patient feedback.
� Our recommendation algorithm suggests hospitals and specialists to the patient based on semantic 
similarities across illnesses.
� A healthcare recommendation system sheds light on the range of situations for which these systems 
might make suggestions, including those pertaining to medication, food, physical activity, and health 
status predictions.
� Automated identification of a patient’s physiological risk factors using fuzzy ontology based 
sentiment analysis knowledge and type 2 fuzzy logic.
� This technology may be incorporated into the current IoT-based healthcare monitoring infrastructure 
since it can control dietary and diabetic medication recommendations.
� The dynamic treatment recommendation system integrates the evaluation signal and indication signal 
through supervised and reinforcement learning.
� A state-of-the-art hospital depression treatment plan is launched.
� That framework service is offered in accordance with each user’s situation and customized data.
� This article uses real-world applications to identify appropriate solutions when both class imbalance 
and overlap affect the domain.
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� Surgery performed during the COVID-19 period recommendation system dynamically segregated 
the infected and surgical patient groups to preserve life while maintaining high surgical standards.
� The operating room claims that non-intensive care

V. PROBLEM IDENTIFICATION

The number of people suffering from chronic illnesses is rising quickly, posing more difficult challenges 
to the healthcare sector. Additionally, the medical field faces numerous challenges in providing patients 
with the range of treatments that are currently available. A major issue of integration arises whenever a 
patient visits a hospital: how to allow the hospital to follow up on the recommendation process as soon as 
it is approved. This issue can be resolved by providing the patient with online treatment options so they 
can complete the admittance process before they even arrive at the hospital, allowing them to receive 
immediate treatment upon arrival.

Patient Treatment Time Prediction (PTTP) is one of the proposed systems that estimates how long a 
patient will have to wait for each treatment. A system known as Hospital Queuing Recommendation 
(HQR) can be implemented based on the waiting time determined by the PTTP. However, the concept of 
waiting times does not apply to emergency patients. Emergency patients are not permitted to wait in the 
patient queue because they require rapid attention. Thus, instead of considering waiting time for 
emergency patients, treatment priorities are taken into account. This system will primarily benefit 
residents of isolated places with limited access to medical professionals and facilities. Test report time is 
another issue that patients deal with, as it takes many hours to detect the disease’s cause and obtain a 
diagnosis. Consequently, direct patient testing is carried out to ascertain whether the system satisfies 
patient demands. Providing patients access to intelligent medical diagnosis tools at the outset of the 
investigation will also help reduce the strain on physicians, medical staff, and various hospitals.

Patient satisfaction has been demonstrated to be one of the most reliable measures of service quality. 
Numerous healthcare providers request the analysis of patient satisfaction data to assess their varied 
services and patient experience. The majority of healthcare providers, from clinics and hospitals to 
doctors' offices, gather patient satisfaction surveys. The goal of the Med-Recommender system is to 
provide reliable hospital analysis by considering thousands of patient reviews posted on various web 
forums. It is crucial to comprehend the issue of patient satisfaction. Even if a patient expresses 
satisfaction or gives positive feedback about their therapy, a treatment plan designed for one patient may 
not be effective for another with the same illness due to individual differences in body types and 
conditions.

Our long-term objective is to evaluate how our system’s recommendations can increase patient loyalty, 
ultimately saving money and time. We aim to acquire a more comprehensive dataset that includes 
information on whether patients returned to the hospital if medical services were required, and to 
investigate the correlation between customer loyalty and satisfaction identifiers using preliminary 
results reported in this paper. In this study, missing variables are imputed using a single imputation 
technique based on K-nearest neighbor (KNN). In the future, more popular methods for imputing 
continuous and categorical variables should be investigated, such as multiple imputations by chained 
equations (MICE). To more accurately distinguish between missing and non-applicable data, other 
methods for addressing skip questions should also be explored.
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Although there isn’t much data in this field to work with when designing the model, more and better data 
will readily increase its usefulness and performance. One of the main problems is the availability of data, 
especially in an appropriately structured manner. The data we currently have is either missing or 
inconsistent across different parameters.

VI. SYSTEMDESIGN

This is the Hospital Recommendation System (HRS) architecture, which comprises many distinct 
features.First, a variety of changeable devices with various sensors are used to gather real-time data from 
a patient’s body. Additionally, data is gathered by visiting our facilities and participating in various tests. 
Subsequently, a patient’s unique ID is produced, and a profile comprising all patient-related information 
is created. After that, this data is delivered to our data centers, where it undergoes cleansing and 
preparation. Following this, our data centers obtain patient history data gathered from several local 
hospitals.

The patient will then access our program and enter their issue if something goes wrong or if they have a 
critical illness. Using its algorithms, our application will look for patients similar to one that was treated 
in the closest hospital and suggest that facility to the patient.

Our application is very easy to use; the user may either manually enter the problem or instruct 
themselves using voice commands. After all processing is complete, our application recommends a list 
of hospitals, and the user only needs to select one. Patients can then view a map displaying the closest 
hospital as well as the nearest ambulance. The hospital receives all the patient’s data and reports directly, 
and the admissions procedure is completed in a matter of minutes before the patient even arrives. As a 
result, patients searching for and being admitted to the hospital save a great deal of time.
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VII. CONCLUSION

This study serves as an example of a smart hospital recommendation system created using deep learning, 
machine learning, and natural language processing technologies. Genetic algorithms are utilized in this 
application to compare various body types and group them based on commonalities. Future applications 
for this technology could include developing specialized hospitals for different types of therapy and data 
collection methods.

FUTUREWORK

In cloud hospitals, a doctor can instantly connect to any other cloud hospital in case of emergency, 
perform any kind of surgery, and treat patients without physically being in the operating room. No 
special testing labs, pathology labs, CT scans, etc., will be available. A doctor will use the patient’s 3D 
model from the metaverse to make a direct diagnosis.
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DEEP LEARNING - POWERED IMAGE FORGERY 
DETECTION: UNVEILING AUTHENTICITY WITH 

NEURAL NETWORKS 

1K. ASHOK REDDY, 2T. TEJASRI, 3R. YAMUNA LAKSHMI, 4R. 
HARIPRIYA,5B. OMYA RANI

1,2,3,4,5 Department of Artificial Intelligence and Data Science, Seshadri Rao 
Gudlavalleru Engineering College Gudivada, India

In addressing the prevalent issue of image forgery in the digital age, the study illustrates the need of 

authenticity and trust across a range of fields. The suggested method makes use of the ResNet algorithm, 

which is well-known for its outstanding performance in tasks involving images. A deep neural network 

based on ResNet is trained on a variety ofdatasets that include both real and fake images. ResNet excels at 

capturing complex features and solving problems like splicing, retouching, and copy-move. Through 

discriminative pattern recognition training, the model is able to differentiate between real and altered 

regions in images. During training, data augmentation techniques are used to improve the model's 

performance and generalization. The robustness and high accuracy of the algorithm i.e., 91.92% in 

detecting forged regions are validated through testing on an independent set of images. Thus, a potential 

remedy for the problems caused by complex image manipulations is the combination of deep learning 

methods and the ResNet architecture. With all factors considered, the suggested methodology effectively 

detects image counterfeiting, protecting the authenticity and integrity of digital content.

Keywords - Image forgery detection, Binary classification, ResNet, Transfer learning, Image 

manipulation, Image forensics, Fake images

I. INTRODUCTION

The digital revolution has led to an unprecedented creation and sharing of visual media content on the 
internet and social platforms. Smartphone ownership exceeding 3 billion and continued improvements 
inbuilt-in cameras have enabled ordinary citizens to generate massive photographic data. The ubiquity 
of image editing software like Adobe Photoshop andGIMP provide easy manipulation capabilities. 
Meanwhile, social networks like Facebook and Redditallow instant propagation of images to millions of 
viewers.

While these trends have democratized image creation and dissemination, they have also given rise to 
amajor problem - digital forgery. The integrity ofonline visual content is under siege. Malicious actors 
have realized the power of fake imagery in shaping opinions, spreading misinformation, and 
underminingtrust in institutions. The presence of altered and completely synthetically generated faces, 
known as Deep Fakes, have been used for non-consensual pornography, financial frauds, and political 
disinformation campaigns.

The realism achieved via modern manipulation techniques like GANs can often fool the human 
eye.Studies have shown the inefficacy of casual human judgment in discerning original images from 
clever forgeries. This susceptibility to "change blindness" necessitates intelligent algorithms for image 
forensic analysis. Passive approaches are preferred as they don't require access to source data or 
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watermarks.

Image forgery detection has consequently seen surging interest from the research community. Earlier 
methods focused on hand-crafted feature extraction to expose statistical anomalies introduced by 
tampering. However, these techniques do not adequatelygeneralize for diverse and sophisticated 
manipulation methods.

The breakthrough of deep learning provides renewed hope. Deep neural networks can learn robust 
representations from raw image data, identifying intrinsic traces of forgeries. Our paper specifically 
explores transfer learning with the Resnet architecture for binary classification of real vs. fake faces. 
Themodel is integrated into a practical web applicationusing Flask. By developing intelligent forgery 
detection systems, we aim to combat the proliferation of visual misinformation that threatens to 
undermine public discourse. Timely and accurate identificationof fake imagery can help social media 
platforms, news agencies, and governments limit the impact ofmalicious digital tampering. Our work 
contributestowards restoring trust and accountability in thedigital public sphere.

II. LITERATURE REVIEW

[1] An image manipulation identification approach is suggested by author using deep learning 
andcritical attribute- matching methods. By employing a pretrained AlexaNet convolutional neural 
network (CNN) model, deep-seated characteristics can be drawn from an original picture. Accordingly, 
these traits are compared using a modified adaptation of the Scale-Invariant Feature Alter (SIFT) 
scheme to recognize matching zones that are identical to certain fake areas. Ideally, competitive results 
are obtained and validated it with another recent state-of-the-art copy- move judgment test.

[2] The writer gives an account of the recognition of hazy blends, in which the act of interposingmaterial 
elements from one photograph into another is involved. The authors offer guidancethrough a model of 
what they refer to asan "application of CNN (Convolutional Neural Network)," which is meant to 
unravel the acts of blending. The spliced photographs which are derived from low-class original images 
chosenfrom over the web, are sieved by the computer in advance of treatment. The remainder of the 
body, now cleared of the gravels, is thus harvested in batches for placement under the evaluation of the 
neural network. Then at long last, the authors pronounce their experiments to success, and proceed to 
illustrate their accomplishments by treating us with two sets of photographic evidence.

[3] The process unearths an image with fraud with the assistance supplied by way of the profound 
machine mastering and switching transfermachine. Now, what it does is this. It has a pre educated 
AlexNet CNN model that is going to be used as feature extractor. Then, what we acquire from this 
AlexNet is a feature vector, which is 4096 dimensions, and it may be used in providinginformation to a 
reinforcement subset machine label to be expected.

[4] The paper suggests different ways to catch image fraud using error level analysis (ELA) andmachine 
learning (ML). ELA means examining how a picture gets recompressed to show any changes in the 
compression which may point to fakery. The author checked three ways to do so using convolutional 
neural networks, supportvector machines, and random forests on the CASIA dataset.

International Journal of Soft Computing & Artificial Intelligence (Volume - 13, Issue - 02, May - August 2025)                                         Page No. 11



[5] The "ImageNet" is a comprehensive database for images that is founded on WordNet's structure.With 
this phrasing the aim of populating WordNet synsets with 500-1000 high- resolution images is 
introduced. In total, the ImageNet comprises 12 subtrees, 5247 synsets, and 3.2 million annotated 
images. With these numbers, the huge size, diversity and accuracy compared to existing datasets of 
ImageNet becomeapparent. The creation of the database was possible by employing the workforce of 
AmazonMechanical Turk for data collection. With applications like object recognition, automatic object 
clustering and image classification, the bouty of the ImageNet is being outlined. This little discussion 
show how useful ImageNet is in many computer vision fields and it poses the possibility of new 
opportunities for researchers toimprove on other pre-existing datasets.

[6] The paper highlights the significance of camera fingerprints in digital image forensics, with a focus 
on utilizing PRNU pattern as a unique camera fingerprint. The paper introduces a method for acquiring a 
camera type fingerprint, which is recognized as noise print. This method increases the contrasting 
parameters of the model, whilst reducing the information of the background. The techniques within the 
said approach use a Siamese network, which was trained using image patches from the same or different 
cameras and was primarily used to spot image forgeries. Numerous experiments and tests were 
conducted on the use of various images, all have proven, and hold to account that noiseprint based 
methods are one of the best in forecasting security.

[7] addresses the growing challenge of photographic manipulation in the digital age, emphasizing 
theerosion of trust in photographic evidence. It focuses on image composition or splicing as a prevalent 
form of manipulation and introduces a machine-learning-based forgery detection method. The proposed 
approach leverages subtle inconsistencies in the color of illumination, requiring minimal user 
interaction and no expert involvement for tampering decisions. Demonstrating promising results, the 
methodachieves detection rates of 86% on a newbenchmark dataset of 200 images and 83% on 50 
images collected from the Internet using an SVM meta-fusion classifier.[8] addresses the challenge of 
copy-move forgery detection, emphasizing limitations when copied regions involve rotation or scaling. 
It introduces a novel rotation-invariant selection method called Same Affine Transformation Selection 
(SATS). SATS operates similarly to shift vectors but accommodates rotated copied regions, 
demonstrating improved performance over shiftvectors in experiments with three recent feature sets on 
ground truth data. Additionally, SATS explicitly recovers the parameters of the affine transformation 
applied to the copied region, providing a comprehensive solution to handle rotation in copy-move 
forgery detection.

While achieving decent accuracy, ELA is limited by its dependence on image quality. The author then 
explores image pre-processing by dividing images into patches and classifying them as real or computer 
graphics before passing them into the VGG16 model. This approach obtains higher accuracy of 
94.5%compared to 93.4% from prior work using standard CNNs. The patch classification method is 
promising for image forgery detection as it is unaffected by image quality and precisely locates tampered 
regions. Overall, the thesis demonstrates that combining ELA and machine learning can detect forged 
images, but preprocessing with deep learning achieves more robust performance.

III. PROPOSED METHODOLOGY

The base model architecture used for transfer learning is ResNet50 as shown in figure 1. convolutional 
neuralnetwork, with over 50 layers. The core building block of ResNet50 is the residual block. Each 
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residual block consists of 3 convolutional layers, with batch normalization and ReLU activation applied 
to the outputs.

The key innovation is the shortcut connection that skips these layers and directly connects the input to 
the output of the block. Adding this input shortcut enables faster training by allowing gradients to flow 
freely across multiple residual blocks during backpropagation.

The overall ResNet50 architecture comprises 5 stages stacked end-to-end, with each stage consisting of 
chained residual blocks. The first stage uses 64 filters in each conv layer, second stage 128 filters, third 
stage 256 filters, fourth stage 512 filters and fifth stage 1024 filters. So the network depth increases 
through the stages.

Between each stage, down sampling is performed by convolutional strides of 2, halving the spatial 
dimensions. Average pooling further reduces the features before feeding into a fully connected classifier 
layer.

For this project, the pretrained convolutional base is leveraged as a fixed feature extractor[9]. The 
fullyconnected layer meant for ImageNet classification is discarded. Global average pooling and a new 
fullyconnected layer are added on top for binary fake vs real classification.

When training deep learning models, such as ResNet50, for the purpose of detecting image forgeries, 
data augmentation is an essential step. It involves altering the current dataset in a number of ways to 
actually expand and broaden it. To improvethe model's capacity to generalize and function well on 
untested data, a wider range of variations are intended to be introduced to it as shown in the figure 2.
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This flowchart in the figure 3 outlines the sequential steps involved in using the ResNet-50 algorithm 
forimage forgery detection, from the input image to detecting the fake or real image regarding its 
authenticity.
Algorithm
Algorithm: Image Forgery Detection using ResNet-50 
Input: Dataset with required features
Output: Classify as Real or Fake
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This transfer learning approach combined with theResNet50 architecture aims to deliver an accurate 
anddeployable deep learning solution for image forgery detection.

IV. RESULTS AND DISCUSSIONS

The Resnet model was trained for 20 epochs on a dataset of 1840 images (960 fake, 1081 real). 
Thetraining set consisted of 459 images and the validation set had 575 images.The training 
accuracystarted at 55% in the first epoch and steadily improved, reaching 97.7% by the 20th epoch. This 
indicates the model was successfully fitting the training data.The validation accuracy started lower at 
52.29% inepoch 1 but also increased consistently, ending at91.92% in epoch 20. This suggests the model 
was generalizing well to new data not seen during training.

The training and validation loss values both decreased over the course of training. Lower loss indicates 
the model's predictions were getting closer to the true labels[10]. The convergence of training 
andvalidation loss is a positive sign that overfitting was avoided. The model achieved good results on 
asample test set, correctly identifying real and fake images. This demonstrates its ability to generalize to 
new data.

The confusion matrix in the Figure 4 provides detailed performance metrics. The model made 256 true 
positive and 217 true negative predictions. There were 49 false positives and 53 false negatives. 
Thisbreakdown confirms the model's solid classification capability. Overall, the steady improvement in 
accuracy and loss metrics, along with the confusionmatrix results and sample predictions, validate the 
effectiveness of the model for classifying real versus fake images after training on the dataset. Key 
indicators like the high training accuracy, respectable validation accuracy, decreasing loss trends, 
andconfusion matrix metrics all support the model's success.

Figure 5 displays about the model accuracy, the training accuracy starts at 55% in the first epoch 
andsteadily increases with each subsequent epoch,reaching a high of 97.7% by the 20th epoch.
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Figure 6 illustrates about the loss of the model, the training loss starts at 0.6863 in the first epoch 
anddecreases with each subsequent epoch, reaching 0.1127 by the 20th epoch.

Output

The first page in the front end interface is that an image file should be selected i.e., the input image is 
taken from the front-end interface is used to extract text from the image using google vision cloud API. 
The prediction of the image whether it is real or fake is shown in figure 7.
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The extracted text is filtered and then searched for the matches in the pre-defined dataset. Theresult is 
then displayed through the front-endinterface to the user asshown in the figure 8.

V. CONCLUSION

The ResNet-based image forgery detection model demonstrated promising performance during training 
and validation. The steady increase in training and validation accuracy over 30 epochs, reaching 
finalvalues of 97.7% and 91.92% respectively, indicates that the model was able to effectively learn 
from thetraining data and generalize well to new data. The confusion matrix provided a detailed 
breakdown ofthe model's balanced classification capabilities, with strong true positive and negative 
rates and manageable false positives and negatives[11]. Predictions on the sample image set further 
validated the model's ability to accurately distinguish real versus manipulated images.

Overall, the ResNet model serves as an effective deep learning architecture for binary image forgery 
detection on this dataset. However, future work could potentially improve performance further. Fine-
tuning training hyperparameters, expanding the dataset diversity, leveraging additional data 
augmentation techniques, exploring ensemble methods, and deploying on GPUs could help boost 
accuracy, robustness and efficiency. Overall, the ResNet model provides a promising starting point for 
imageforgery detection, but continued refinement of the model training, architecture and data could 
further enhance its real-world reliability.
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This paper design and implement Arabic digit recognition (ADR) using speech utterance. We will use the 

Saudi accented spoken digits data set, which is the KSU speech data set. (ADR) is the ability to accurately 

identifying digit from zero to nine. The Arabic digit is mostly used for authentication it can be used in 

smart houses or some speech-based application. Since there is a lack of Arabic application, we decided to 

work with the Arabic language. We used MelFrequency Cepstral Coefficients (MFCC) feature extraction 

technique. We try it with four modelling techniques. For implementation, we used python.

I. INTRODUCTION

Speech recognition is the capability of devices to recognize words and sentences in spoken language and 
convert it to let a machine read it. Speech recognition became important because of the technology 
revolution. The processing of Arabic numbers is very important and consequently depends on the 
economic and scientific future in the Arabic language. And the Arabic language-basedapplication. 
Speech recognition is a very difficult problem because the machine should identify accent, 
pronunciation, framing, pitch, volume, speed etc, all of this technique is one of these. Speech processing 
has a different direction shown in Figure 1.

Speech analysis/synthesis, speech recognition, speech coding we use it for mobile when anyone talks 
our speech transmit to other mobile is called coding. In the analysis, it's like convert text to speech we 
check what is going on in the speech to improve communication or recognize speaker or recognize 
accent, etc. Recognition is the opposite of analysis, it converts speech to text. There are three parts of 
recognition speaker recognition, speech recognition, and language recognition. Speaker recognition is 
the process of recognizing who is talking. Speech recognition deal with what the person is saying which 
is our focus in this paper. Language recognition, it well checks person speaks Arabic, English or any 
other language. In speech recognition, I use digit recognition. In digit recognition, a digit can be used in 
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many applications such as Security locks, air condition control, mobiles, computers, cars or other 
systems. All these things normally are related to machine learning. In machine learning, there are two 
parts those are feature extraction and modelling technique. These are very important in the paper. There 
are many Techniques used for Speech Recognition in this paper I use Mel Frequency Cepstral 
Coefficients (MFCC) technique. MFCC is one of the most popular feature extraction techniques in 
speech recognition.

II. LITERATURE SURVEY

[1] Used (MFCC) feature extraction technique and Artificial Neural Network (ANNS) is a fundamental 
piece of deep learning algorithms, they are recorded 6 people voices and they did not write the accuracy.

[2] Used (MFCC) feature extraction, and Linear Prediction Coefficients (LPS) algorithm and used two 
machine learning algorithm that is ANN and HMM. It turns out that ANN better than HMM. They have 
recorded 17 people voices, they take Arabic numbers from 0-9. The Accuracy of this project 99.48%. 
This accuracy is maybe due to having less number of speakers.

[3] Discussed a new simple time alignment algorithm for an Arabic spoken digit recognizer. They collect 
data set from 17 native Arabic and they asked to utter from 0 to 9 also they used (MFCC) as feature 
extraction. The accuracy achieves 99.5% by using the Confusion Matrix Algorithm [3].

[4] Designed and implemented English digits speech recognition system using Matlab (GUI). That is 
based on the Hidden Markov Model (HMM), which provides a highly reliable way of recognizing 
speech. The system is able to recognize the speech waveform by translating the speech waveform into a 
set of feature vectors using Mel Frequency Cepstral Coefficients (MFCC) technique This paper focuses 
on all English digits from (Zero through Nine). This system had 34 speakers include 24 male and 10 
female speakers belonging to different ages, genders, and races. The recognition rate in a clean 
environment was between 76% - 99%.

[5] The main aim of this paper is to compare, analyze, and discuss the outcomes of spoken Arabic digits 
recognition systems based on three recognition features [5]: the Yule-Walker spectrum features, the 
Walsh spectrum features, and the Mel frequency Cepstral coefficients (MFCC) features. The MFCC 
based recognition system achieves the best correct recognition. On the other hand, the YuleWalker based 
recognition system achieves the worst average correct recognition. a male Arabic native speaker was 
asked to utter all digits; each time the speech was recorded in a single file which was approximately 12 s 
long. The recognition rate was between 88.4% - 90.86 %. 

[6] Used Two Techniques Pitch Detection Algorithm(PDA) and Cepstrum Correlation Algorithm(CCA) 
the dataset of 6 speakers 3 males 3 females they record from 0 to 9 the result for the male was 35.8% and 
for the female 31.8%.

[7] Collected the database from 20 native speakers 10 male and 10 female. They uttered digits from 0 to 
9, they used MFCC feature extraction technique accuracy was 95.15%.

[8] Used MFCC feature extraction and collect his dataset from 104 native Arabic speakers the speaker 
has to record from 0 to 9 then he applied the algorithm for training and testing which is RNN and LSTM 
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And Confusion Matrix the accuracy was 69%. As shown in table below this is summary of literature 
surveys.

III. FEATURE EXTRACTION TECHNIQUE

Is a method that selects/combines key characteristics of any object in order to make a model. It's 
processed to reduce raw data to a more manageable group for processing. MFCC is a technique that we 
use it to extract the speech features. It converts the human voice into signal so we can understand the 
pronounce of the letter. The steps in MFCC are pre-emphasis, framing, hamming windowing, fast 
fourier transform, mel filter bank processing, discrete cosine transform, delta energy and delta spectrum. 
like any recognition task, speech recognition process starting by extraction advantage from the input 
signal. The microphone takes the speech signal, the signal is converted to digital format frequency 
(16000)Hertz. 

The feature are extracted by using many steps which are :

1) Pre-emphasis: when the person talk in this time may the voice will be high or low, so the goal for this is 
to get the word in the range (0-1), we don’t do any things just reduce the scale, multiply every digit with 
0.95.
2) Frame Blocking: is to cut the word into different part (get small part of it) then we can processeasy. 
The size of Frame equal 256 short samples.
3) Hamming Windowing: reduce this discontinuity we apply window function. Basically, the spectral 
distortion is minimized by using a window to taper the voice sample to zero at both beginning and end of 
each frame.
4) Fast Fourier Transform (FTT): is transforming on time domain to frequency domain (hearts).
5) Mel frequency wrapping: is filter it divide speech simples into their corresponding frequency level.
6) Discrete cosine transform (DCT): it’s opposite FTT is to transforming frequency domain into time 
domain.

This is example for one digit, which shows signal in the time domain.

International Journal of Soft Computing & Artificial Intelligence (Volume - 13, Issue - 02, May - August 2025)                                         Page No. 22



As shown below, this is signal after pre-emphasise.

As shown below, this is an example of spectrogram which can show signal strength or loudness at 
frequencies in waveform.

IV. MODELLING TECHNIQUE

There are many modelling techniques in machine learning. These techniques are used to measure the 
performance and accuracy of recognition system. We used all these modelling techniques which is 
shown below.
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First, Random forest (RF): it is a supervised classification algorithm. We can see it from its name, which 
is to create a forest by some way and make it random. There are four steps for Random Forest classifier: 
First, start with the selection of random samples from a given dataset. Next, this algorithm will construct 
a decision tree for every sample. Then it will get the prediction result from every decision tree. In this 
step, voting will be performed for every predicted result. At last, select the most voted prediction result 
as the final prediction result. Also RF classifier it has a good features which are : One of the most accurate 
learning algorithms available for most data sets, it has the power to handle a large data set with higher 
dimensionality, can handle lots of variables without variable deletion, it gives estimates of what 
variables are important in the classification, generated forests can be saved for future use on other data, it 
takes less training time as compared to other algorithms, avoid the over fitting problem.

Second, Naive Bayes (NB): is a probabilistic machine learning algorithm based on Bayes Law that can 
be used in classification for binary (two-class) and multi-class classification problems. NB classifier can
be trained easily and fast and can be used as benchmark model. But also it has disadvantages which are : 
need to calculate the prior probability, sensitive to the data, explain the results easily. Third, Support 
Vector Machine (SVM): The idea of this model is to creates a line which split the data into classes to find 
a maximum marginal hyper plane (MMH). SVM can be use in hand-written characters recognized. The 
SVM algorithm has been widely applied in the biological and other sciences. SVM classifiers offers 
great accuracy and work well with high dimensional space. SVM classifiers basically use a subset of 
training points hence in result uses very less memory. SVM classifiers do not work well with 
overlapping classes, it also doesn’t perform very well, when the data set has more noise i.e. target classes 
are overlapping, the first and biggest limitation depends on the choice of kernel. Fourth, Multilayer 
perceptron neural network (MLP): A MLP neural network is an interconnected assembly of simple 
processing elements, units or nodes, whose functionality is loosely based on the animal neuron. It has 
capability to learn non-linear models. A MLP are complex models, which try to mimic the way the 
human brain develops classification rules. But also it has disadvantages which are take more time to run, 
need higher memory to run it, sensitive to feature scaling.

V. DATASETS

In this paper we use King Saud University Arabic Speech Database was developed by Speech Group 
(SG) at King Saud University. We select 70 speakrs, 35 male and 35 female from session two. The 
utterances include all digits from zero to nine. The recordings were conducted in varied environments 
representing quiet and noisy settings. Release date was in February 17, 2014. The corpus was designed 
principally for speaker recognition research. However, other possible applications include first language 
recognition, mobile effect, multichannel effect, and use computer microphones. Each speaker was 
recorded in an office. The data was verified for missing recordings, problems with the recording system 
or errors in the recording process. As shown below this is our Experience of recording digits from zero to 
nine.
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Also we split each digit individual as showing in next table. Then there are pronunciation for each digit, 
also how many syllabus are there for each digit and final there is a speaker signal. 

VI. METHODOLOGY

Initially, we will have a spoken digit as the input speech signal. Later we extract digit, we take these 
digits one by one as the input signal. We later will divide the speech signal into frames. Then we will 
extract speech features from each frame. After that, There is feature extraction technique. Later we use a 
modelling technique to model the digits. After the training, we test the results of our system Presents the 
complete methodology of our paper.
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VII. RESULTS AND DISCUSSION 

The digit recognition system presented in this paper is implemented and work with Python programming 
language and Weka software. The sound signal is recorded from 70 speakers, 35 females and 35 males. 

In this paper, the accuracies of each pair of the four classifier and feature extraction techniques on the 
Arabic digit recognition are going to be presented. 

Here we summarize all these experiments. First we try it with both male and female as shown below in 
the table. And random forest was a highest accuracy equal to 99.9%.

And then with females as shown below in the table. Just to check that wither there is gender different.

After that we try it with just male as shown below in the table.

As you can see in the table of male result got better accuracy because male their tone voice very high and 
pronounce the things correctly, the female their tone voice very low and they talk in speedy way. In order 
to check our validity of our dataset we combine both and we check the result as shown in table of male 
and female. Even it's better with both because it is make the perfect model. The results show that the 
Random forest achieved the highest recognition rate (with accuracy equal to 99.9%). Then the support 
vector machine (with accuracy equal to 93.1%).
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VIII. CONCLUSION

In this paper, we successfully develop Arabic digit recognition (ADR) system. Our dataset has been 
taken from king Saud university we use the same speaker in training and testing phase we extract MFCC 
feature extraction and then we apply different kind of modelling technique which are naïve bayes, neural 
network, support vector machine and random forest which had a highest accuracy 99.9%. As you can see 
above in table of literature survey most of them had less speakers, just one had more speakers and the 
accuracy was low. So we decided to take more speakers and we got accuracy equal to 99.9% for 70 
speakers, 35 male and 35 females.
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Ontological classification is the process of organizing and categorization of entities, concepts or object 

based on properties /relationships and existence. Using set theoretic notation it provides a formal and 

rigorous framework for representing and reasoning about complex relationships between entities of 

interconnection network. Set-theoretic notations are an effective framework for conceptually describing 

many aspects of hypercube interconnection networks' structure and functionality. Logical representations 

to formalize and concisely characterize the structure, connectivity, and routing behavior of hypercube 

interconnection networks. They serve as the foundation for evaluating, creating, and optimizing 

hypercube networks for a variety of parallel and distributed computing tasks. To show relationships in a 

hypercube we can use a graph representation each vertex of the hypercube is represented by a string of 

length n, where n is the number of dimensions of the hypercube. The edge of the hypercube is represented 

by the hamming distance between the binary strings of the vertices they connect. The hamming distance is 

the number of position at which the corresponding bits are different for example.In a three-dimensional 

hypercube the vertices (000) and (001) are connected by an edge because they differ in only one bit 

position. Similarly the vertices (000) & (100) are connected by an edge because they differ in only one bit 

position similarly the vertices (000) and (100) are connected by an edge because they also differ in only 

one bit position.

Keywords - ontological classification, set theoretic nototations, hamming distance , tripods…

I. INTRODUCTION

Set-theoretic notations are an effective framework for conceptually describing many aspects of 
hypercube interconnection networks' structure and functionality. Here's a logical description of typical 
set-theoretic notations used in hypercube networks:

1. Node Set (N): The set of all nodes in the hypercube network. Where each node is uniquely recognized 
by its binary address, with each bit position representing a dimension in the hypercube. 

2. Edge Set (E): The set of all edges in a hypercube network. An edge joins nodes that differ by one bit 
position in their binary addresses’ is mathematically defined as {(u, v) | u, v ∈ N and differ in exactly one 
bit position}.

3. Vertex Set (V): The set of all vertices in a hypercube network. A vertex is a group of nodes in a network 
that have a common prefix in binary addresses. V = {Vᵢ | Vᵢ is a subset of N, and all nodes in Vᵢ share a 
common prefix.

4. Dimension Set (D): D refers to all dimensions in the hypercube network. Each dimension represents a 
bit location in nodes' binary addresses. D ismathematically defined as {dᵢ | 0 ≤ i < log₂|N|}.

5. Routing Function ®: R defines message routing behavior in the hypercube network. Maps source, 
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destination, and message nodes to network paths. R is defined mathematically as N × N × M → P, with M 
representing all messages and P representing all paths in the hypercube network.

6. Fault Set (F): F includes all fault-prone components in the hypercube network. It includes nodes, 
edges, or vertices that may fail or malfunction. In mathematical terms, F = {f | f is a faulty node, edge, or 
vertex in the network}.

7. Adjacency Matrix (A): A binary matrix representing node connection in a hypercube network. The 
entries A[i][j] are 1 if there is an edge between nodes i and j, and 0 otherwise.

These logical representations use set-theoretic notions to formalize and concisely characterize the 
structure, connectivity, and routing behavior of hypercube interconnection networks. They serve as the 
foundation for evaluating, creating, and optimizing hypercube networks for a variety of parallel and 
distributed computing tasks. To show relationships in a hypercube we can use a graph representation 
each vertex of the hypercube is represented by a string of length n, where n is the number of dimensions 
of the hypercube.

The edge of the hypercube is represented by the hamming distance between the binary strings of the 
vertices they connect.

The hamming distance is the number of position at which the corresponding bits are different for 
example.

In a three-dimensional hypercube the vertices (000) and (001) are connected by an edge because they 
differ in only one bit position. Similarly the vertices (000) & (100) are connected by an edge because 
they differ in only one bit position similarly the vertices (000) and (100) are connected by an edge 
because hey also differ in only one bit position.

Ontological Classification in a hypercube on the basis of relational connectivity
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II. CONCLUSION
In ontological categorization, set-theoretical notation within a hypercube is used to organize entities into 
sets based on their qualities, which are then represented within a hypercube multidimensional 
framework. Each hypercube dimension represents a distinct feature or attribute, and intersecting 
hypercube dimensions correspond to certain combinations of properties that define various groups of 
things. A hypercube parallel computer is a network of processors, each with only local memory, whose 
activities are coordinated by messages sent by the processors themselves. An n-dimensional hypercube 
has 2n processors, and the communication network corresponds to the edges of the dimensional cube. 
Each vertex or node is a processor. Each node is uniquely identifiable by and binary digits and the binary 
tags of any two neighbors differ by exactly one bit. Thus, each node has degree d to represent the 
interconnectedness. This scheme considers the hypercube of dimension 0 from the illustration above.
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This research focuses on the implementation of an automated weather forecast station using IoT 

technology. The system uses advanced forecasting methodologies like ARIMA and deep learning to 

provide immediate insights into weather conditions. The system uses environmental sensors for seamless 

data gathering and an intuitive user interface. The research extends its application to smart urban centers 

and industrial sectors, prioritizing safety and resilience in the context of climate change. K-Medoids 

clustering, Naïve Bayes algorithm, and ARIMA models enhance the system’s resilience. This research 

contributes to the advancement of weather forecasting technologies and fostering a resilient society.

Keywords - IoT (Internet of Things), ARIMA, Deep learning, Weather forecasting, EDS (Exploratory 

Data Analysis), Random Forest, Convolutional Neural Networks

I. INTRODUCTION

The building industry, heavily dependent on outdoor work, is susceptible to weather-related calamities 
due to its high reliance on weather. Unpredictable weather has been linked to increased deaths at 
construction sites, impacting worker safety, project timeliness, and efficiency. About 45% of building 
projects are affected by weather.

Delays in work and safety concerns may affect project team members, leading to accidents, injuries, or 
fatalities due to miscommunication, weather ignorance, or carelessness on the construction site [1]. 
Severe weather caused significant issues at Wimbledon, a popular global tennis tournament attended by 
top players, news organizations, and viewers [2]. 

The unpredictable British weather causes challenges at summer events, particularly in rainy weather, 
which can ruin games and reduce spectator and player experience [3]. Wet grass increases the risk of 
falling, leading to postponements or rescheduling, potentially affecting the organization's finances. The 
IPL 2023 GT and CSK championship games were affected by such weather in Gujarat.

The players were forced off the field due to heavy wind and rain, resulting in puddles that took over an 
hour to clear. The rain could have contributed to heat stroke and hyperthermia, which can cause 
disorientation, behavioural changes, nausea, and vomiting. Heat stroke, caused by overheating and 
inability to cool down, can be fatal if not treated promptly and appropriately [4]. Effective relaxation and 
hydration are crucial for reducing mortality rates, which can be achieved through emergency supplies,
winter activities, water consumption, and adequate ventilation and cooling equipment [5]. 
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Heatstroke, a serious health issue, can occur in animals overfed, kept in the sun, or in a horsebox. 
Symptoms include tachycardia, coughing, fever, and larynx. To prevent heatstroke, animals should be 
placed in cold water, electrified, and kept in shade. In the 1995 Chicago heat wave, 58 patients needed 
critical care for severe heat stroke [6]. 

The system utilizes machine learning and the internet to create a weather forecast station, enhancing its 
efficiency and effectiveness by incorporating data from previous research [7]. The device's weather 
indicator panel displays graphically the current weather conditions, including heat waves, storms, and 
heavy rains, based on the user's location [8]. Boards promote caution, public safety, emergency 
management, transportation, awareness, and education by reading weather parameters and influencing 
display technologies like LED matrices, LCD displays, and digital signs. They also provide current 
situation forecasts [9]. Open climate models and various reliable sources offer weather products through 
APIs on websites, providing accurate weather forecasts [10]. 
The system provides accurate weather information in various locations, including public areas, 
educational institutions, and museums, promoting public understanding of climate-related concerns. 
Weather boards are crucial for providing safety advice, alerts, and warnings regarding severe weather. 
Arduino-based techniques analyse DHTT11 and BMP280 sensors data, incorporating models into 
machine learning algorithms to track environmental factors like humidity, temperature, and pressure, 
and identify meteorological data [11]. The module transmits observed data wirelessly to an open-source 
platform, including observable graphs, for production, which requires object descriptions and a cloud 
sensing and retrieval system [12]. The data is collected and processed into a machine learning model for 
weather forecasting and analysis using the ARIMA Time Series Analysis approach. Deep learning 
methods are applied to determine the optimal climate prediction model for any scenario, using 
convolutional layers for image assessment focusing on local weather to attract users [13]. The model 
provides industry data such as time, weather location, pressure, temperature, and altitude, which  can be 
used to accurately forecast weather [14]. The Internet of Things (IoT) is enabling the integration of home 
automation, smart city, and industrial applications [15], providing users with crucial safety information 
and actionable insights.
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In 2015, Ankita Joshi and Bhagyashree Kamble developed a data-driven method using decision tree 
algorithms to predict extreme weather with an 82% precision. This innovative approach improves 
weather forecasting capabilities and mitigates the impact of weather-related disasters, resembling 
philosophical discourse in its compactness [16]. 

In 2017, Prashant Viradare et al. introduced a new climate forecasting method that combined K-Medoids 
clustering with the Nave Bayes algorithm, benefiting industries like aviation, military, and agriculture. 
This system enhances resource utilization, efficiency, and safety by providing relevant information to 
local decision-makers [17].

Purnima and Pushpalatha developed an "Intensified LSTM-Networks" model in 2019 for predicting 
rainfall, outperforming previous methods. The model's advantages in rainfall forecasting have 
implications for agriculture, emergency preparedness, and water resource management [18].

M.H. Yen et al. (2019) utilized deep learning techniques like Echo State Network (ESN) and Deep ESN 
to forecast rainfall. They found ESN depth precipitation forecasts more accurate than other methods, 
demonstrating the potential of deep learning in improving rainfall forecasting, flood forecasting, and 
water management [19].

A 2020 bus system study by Zi-Q Huang utilized temperature, humidity, and light intensity data to 
predict weather conditions. The accuracy of one-day weather forecasts was improved using multilayer 
perceptron and LSTM models, demonstrating machine learning's potential for reliable navigation 
services [20].

The integration of data mining, machine learning, deep learning, and digital resources has significantly 
improved weather forecasting accuracy and reliability. These advancements are applicable across 
sectors like disaster preparedness, transportation, agriculture, and utilities. As technology advances, 
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sophisticated models and methodologies are expected to revolutionize weather forecasting and disaster 
management, requiring a paradigm shift in strategies. This advancement is expected to have a significant 
impact on meteorological research and analysis.

III. EXPERIMENTAL RESULTS

The precision metric is the ratio of true positives (TP) to the sum of true positives and false positives (FP) 
in a dataset [23].

A true positive indicates the number of correctly classified weather forecasts, while a false positive 
indicates the number of incorrectly classified forecasts. 

The recall metric is the ratio of true positives (TP) to the sum of true positives and false negatives 
(FN)[23].

False negatives in weather forecasting involve incorrectly classifying a parameter as mild weather when 
it is actually adverse weather. 

Accuracy is a metric that indicates the proportion of accurate weather prediction models or poor models 
among all the models in the dataset.

True negatives (TN) are the accurate classification of benign weather instances as benign. 
The execution metric measures the time spent training and testing a weather prediction machinelearning 
model to ensure accurate and timely forecasts. 
The F-measure metric evaluates the weather prediction model's performance in terms of false positives 
and false negatives, providing a balanced evaluation[24].

I. Storage 

ARIMA images are small, constrained coefficients and parameters for time series analysis. CNN models 
can vary significantly depending on architecture complexity, layers, and filters. Deep learning models, 
like LSTM or GRU networks, can have larger models with controlled weight and bias. Random forests 
have moderate sample sizes and multiple decision trees, but are generally larger than ARIMA but 
smaller than deep learning models.
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ii. Training Time 
The ARIMA model is known for its short training procedure for univariate time series data, compared to 
complex machine learning models. Convolutional neural networks may take more time due to network 
complexity, depth, and image loading. Short-term memory (LSTM) and gated recurrent unit (GRU) 
networks have longer training times due to additional neural network loads and biases. Completing 
models can be time-consuming, especially for complex topologies and large datasets. Random forest 
models provide less training time and have a faster scalable training method, though it takes more time.

iii. Different Sample Sizes 

Weather prediction models serve specific purposes, with ARIMA being useful for short-term forecasts 
but not for intricate patterns or spatial connections. Convolutional Neural Networks (CNNs) are ideal 
for visual-based weather prediction, but require large, spatially ordered datasets and may overfit smaller 
ones. Deep learning models like GRU or networks are flexible and adaptable to various data sources, but 
require larger datasets for improved performance. Random Forest is a flexible ensemble technique that 
can handle various data types and intricate interactions but may not capture temporal connections as well 
as time series models.

International Journal of Soft Computing & Artificial Intelligence (Volume - 13, Issue - 02, May - August 2025)                                         Page No. 42



IV. CONCLUSION
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The study utilized machine learning techniques such as exploratory data analysis, random forest, deep 
learning, and ARIMA to predict and test target variables and identify crucial results. The ARIMA time-
series forecasting approach showed a Mean Absolute Error of 13.83 and a Mean Squared Error of 
331.90, but a low R-squared value of 0.0126 indicated it could only account for a portion of the target 
variable's variance. Random Forest, a robust ensemble learning technique, demonstrated excellent 
accuracy with an MSE and MAE of 0, an outstanding R² value, and computing efficiency, completing its 
analysis in just 6 seconds. Deep Learning, using neural networks, produced precise forecasts with an 
MSE of 0.0281 and MAE of 0.1139, capturing target variable volatility with an R2 score of 0.9999, but 
taking 93 seconds longer than other approaches. The exploratory data analysis showed high R2 value 
and low error metrics, despite not containing predictions, and took 178 seconds to complete despite a 
high processing cost. In conclusion, the study suggests that choosing the right machine learning method 
depends on research objectives and computational limitations. Random forest outperforms deep 
learning for high prediction accuracy, while ARIMA is not suitable for certain data sets. Exploratory 
research can provide initial insights, even when ARIMA fails to provide predictions. Researchers should 
choose the best approach for their specific requirements, considering explanatory power or prediction 
accuracy.
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