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Abstract An ensemble classifiers have been successfully applied to image classification problems. This research
efficiency of ensemble model on tinynages for real world problems based on the following metrics like accu
precision, recall, receiver operating characteristic curve (ROC), precision recall curve (PRC),-kasard; MCC
performance analysis of deviations on like Bagging, LogistB&B), Iterative Classifier Optimizer (ICO), Classificatio
Regression (CVR), Multi Class Classifier Updateable (MCCU), and Random Committee (RC) of selected meta |
RC givebestoutcomecompare withother modelssuchas90%of accuracy90%of precision,0.900f recall,0.96 ofROC,
0.94 of PRC, 0.80 of kappa, 0.82 of MCC with low deviations. The ICO gives worst outcome compare with othe
such as 65% of accuracy, 0.65 of precision, 0.65 of recall, 0.74 of ROC, and 0.74 of PRE deéthalions. This worl
finds and evolves that the Random Committee model performs well based on comparison of several metrics wit
models.

Keywords:randomcommittee,bagginglogit boost,ICOCVRMCCU

1. Introduction

For image classification andther computer vision tasks, machine learning has recently surpassed human
performance. However, in order for statd-the-art deep networks to achieve at high levels of accuracy and to generalize
well, training them often necessitates thousands to miloof labelled sections, which is a major obstacle to the broad
approval of deep neural networks for new submissions.

Manual data labellingakes aot of time and could not beractical in industrietike medical, defensand thesciences
where specializé knowledge is needed. Lacking the time or knowledge to label the enormous numbers prerequisite for
training, authentication, andnalysis but having accessddot of unlabeled data is a common problematic in deep learning's
realworld scenarios. One petble solution is to train a network on just a single manually labelled image per class until its
performance is on par with that of a fully supervised network.

Thispaperpresentsin section2 hasrelatedworkson this work; in segment3 hasmaterialsand methods;in segment3
encompasses result and discussion and segment 5 presents the conclusion of this work.

2. Literature Survey

A machine learning model is applied through ensemble learning to a fresh issue. AAL produces rare jobs from
unlabeled data. We radomly name a portion of the unlabeled images to build a support set. By combining the labels and
data from the sustenance set's photographs to generate a target set (Antoniou and Amos et al 2019). Adgametg
system can be trained using the feshiot challenges. Small reldbeled datasets can be used a trained model directly
without any modifications. The learned models perform well in trials in the-$bat learning challenges for Omniglot and
Mini-Imagenet. Modern deep learning relies heavily orpexwision. Inpuoutput pairs are used in supervised learning
techniques to develop a model that associates input data with output labels. (Berthelot et al 2019; Cubuk et al 2019; Doon
Raveen et al 2018; Fu et al 2022) The right output for the trainingrsetfor previously unobserved data points should be
predictable by a successful supervised model. (Hu et al 2021; Manoharan et al 2021) After embedduhgnodels,
gradientbased metdearning models were found. Inferent¢ine modelstate updates use aupport set to learn task
specific information that they can then strongly generalize to a task's target set (Kavi et al 2020; La Grassa et al 2021
Performances for CIFAR and CIFAROO oneshot semisupervised learning were reported by (Lucas 202¥)k&eping
pseudclabels for samples whose probability exceeds a threshold, pstalding leverages the model to produce fake
labels for unlabeled data. (Karuppusamy 2021; Rasim Caner Calik et al 2018). (Smith and Leslie 2022) suggested accuracy c
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up to 95% utilizing CIFAR images with a single labelled sample per class, despite the fact thasuipkyvised accuracy is
only 94.5%. Additionally, SVHN images attain test accuracies of 97.8%, much like fully supervised images. Rigid empiric
studies have demonstrated that labelling big datasets is not compulsory for deep neural network training.

MixMatch, ReMixMatch, and FixMatch are only a few of the seapiervised learning studies that Google Research
has published (Sohn et al 2020; Thambu Gladstan and Mohan 2014; Tripathi Milan 2021). ReMixMatch was improved b
distribution alignment andaugmentation anchoring. Anchors for augmentation mimic pseladb@ling. The most recent
semisupervised learning system, FixMatch, did well. CIEABneshot semisupervised learning is discussed in FixMatch.
Both consistency regularization and psetldbeling are employed by the Fix Match algorithm. Consistency regularization
employs unlabelediata by makingthe supposition thathe model willproducethe same results operturbed versionsof the
image as it did on the original. Instead of assuming pseabdels for unlabeled data, strong data augmentation should be
employed for constancy regularization (Rajesh et al 2014; Thakkar et al 2018). Consistency regularization is incredsingly us
in unverified, selsupervised, and senrsiupervised learning (X2019).

Classification algorithms are classified using sampiervised learning research. SeeHining repetitions) use high
confidence pseuddabeled data from preceding repetitions and labelled data to train a classifier. In our testgagetig
increased performance to match supervised training using the entire labelled training dataset. This study illustrates how
Meta learning performed while using approximately 100 CHEARnages and 10 labels.

3. Materialsand Methods

This work considers randomlglected 100 images form the CIFAR dataset which has 60000 color images with of
32x32 dimensions. These 100 images has categorized in 10 classes, each class has10 tiny images. The classes are catego
like truck, ship, horse, frog, dog, deer, catdbimuto mobile and airplane images (Table 1).

Tablel CIFAROdataset.
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Toachievethe bestresults,the opensourceminingtool Weka3.9.5hasimplementedthe followingtechniques.
Bagging:Several different independent models, commonly referred to as base models, are integrated to create
an efficient, optimal prediction modeusing ensemble learning, a popular and favored machine learning
technique.

Iterative Classifier Optimizer (ICOIY: optimizes the amount of iterations for the specified classifier and applies
crossvalidation.
LogitBoost(LB)it isa boostingclassificatioralgorithm.
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Classificationvia Regression(CVR)1t is a classificationmethod that can transform problemsinto regression
functions.

Multi ClasClassifielUpdateable(MCCU)it uses2-classclassifierdo handlemulti-classdatasets.
RandomCommittee(RC)it isa groupof baseclassifiergshat canbe randomlychosen.
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In this study, the aforementioned models were used in image processing with a 90:10 fold cross validation (training
and testing ratio) utilizing an auto color correlogram filter.

4. Resultsand Discussions

This segment focuses the consequence of the selected classifiers like Bagging, Logit Boost (LB), Iterative Classifi
Optimizer (ICO), and Classification via Regression (CVR), Multi Class Classifier Updateable (MCCU), and Random Comm
(RC) on Meta mods.

The Table 2 shows the accuracy, recall, precision, PRC and ROC value on like Bagging, Logit Boost (LB), Itera
Classifier Optimizer (ICO), Classification Via Regression (CVR), Multi Class Classifier Updateable (MCCU), and Ran
Committee (RC) on ntee models.

Table2 Classifiers's.Outcomes.
Classifier  Accuracy  Precision Recall ROC PRC

Bagging 85% 0.85 085 081 081
ICO 65% 0.65 065 074 074
LB 75% 0.78 075 086  0.86
CVR 85% 0.85 085 081 081

MCCU 80% 0.81 080 080 074
RC 90% 0.92 090 096 094

https://www.malquepub.com/multiscience
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Figure2 Classifiers's. Accuracy.

The above figure 2 represents the accuracy level of Bagging, LB, ICO, CVR, MCCU, and RC on Meta models. The
gives highesbutcome compareavith other modelssuchas90%of accuracy; ThéCO gives leastutcome compare than other
models such as 65% of accuracy; The Bagging and CVR gives same outcome such as 85% of accuracy; The MCCU gives €

accuracy; and the LB gives 75% of accuracy.
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Figure3 Classifierss.Precision.

The above figure 3 represents the numerous precision level of Bagging, LB, ICO, CVR, MCCU, kletBRftodels.
The RC gives highest outcome compare with other models such as 90% of precision; The ICO gives least outcome compe
than other models such as 0.65 of precision; The Bagging and CVR gives same outcome such as 0.85 of precision; The MC
gives0.81 of precision; and the LB gives 0.78 of precision.
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Figure4 Classifierss.Recall.
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Theabove figure 4 represents the numerous recall level of Bagging, LB, ICO, CVR, MCCU, and RC on Meta models.
RCgives highesbutcome compare wittother modelssuchas0.900f recall; ThdCOgivesleastoutcome compareghan other
models such as 0.65 odcall; The Bagging and CVR gives same outcome such as 0.85 of recall; The MCCU gives 0.80 of rec:
and the LB gives 0.75 of recall.
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Figure5 Classifiergs.ROC.

The above figure 5 represents the numerous ROC level of Bagging, LB, ICO, CVR, MCCU, and RC on Meta models.
RC gives highest outcome compare with other models such as 0.96 of ROC; the ICO giwekteastcompare than other
models such as 0.74 of ROC; the Bagging and CVR gives same outcome such as 0.81 of ROC; the LB gives 0.86 of ROC; a
MCCU gives 0.80 of ROC.

Bagging ICO LB CVF MCCU
Classifiers

Figure6 Classifiergs.PRC.

The above figure 6 represents tiemerous PRC level of Bagging, LB, ICO, CVR, MCCU, and RC on Meta models. Th
RC gives highest outcome compare with other models such as 0.94 of PRC; the ICO and MCCU gives same as well the e
outcome compare than other models such as 0.74 of Riagging and CVR gives same outcome such as 0.81 cifRC;
the LB gives 0.86 of PRC.

The above table 3 represents the time ingesting, Kappde&sure, Matthews Correlation Coefficient value (MCC) of
Bagging, LB, ICO, CVR, MCCU, and RC on Meta models.

Tale 3 Classifiers's. Qutcomes.

Classifier Time Kappa FMeasure MCC
Bagging 0.23 0.70 0.85 0.70
ICO 0.80 0.39 0.65 0.30
LB 0.05 0.50 0.74 0.52
CVR 0.23 0.70 0.85 0.70
MCCU 0.16 0.60 0.80 0.61
RC 0.08 0.80 0.90 0.82

https://www.malguepub.com/multiscience
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Figure7 Classifiergs. Time.

The above figure 7 represents the numerous time consumption in seconds for making model of Bagging, LB, ICO, CVI
MCCU, and RC on Meta models. The ICO takes 0.80 seconds for creating this model which is highest compare with othi
models; the LB takes 0.@G®conds for building this model which is the least time for creating a model; The Bagging and CVR
takes same time for making their models which is G88onds; the MCCU takes 0.16 seconds and the RC takes 0.08 seconds
for constructing their models.
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Figure8 Classifierys.Kappa.

The above figure 8 represents the numerous kappa levels of Bagging, LB, ICO, CVR, MCCU, and RC on Meta mod
The RC gives highest outcome compare with other models such as 0.80 of kappa; The ICO gives leastaufmanae¢han
other modelssuchas0.300f kappa;TheBaggingand CVRyivessameoutcomesuchas0.700of kappa;The MCCUives 0.6®f
kappa; and the LB gives 0.50 of kappa.
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Figure9 Classifierys.FMeasure.
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The above figure 9 represents the numerouté&asure levels of Bagging, LB, ICO, CVR, MCCU, and RC on Meta
models. The RC gives highest outcatnenpare with other models such as 0.90 e¥iEasure; The ICO gives least outcome
comparethan other models such as 0.8 FMeasure;The Bagging and C¢Res sam@utcome such as 0.85 FMeasure;

The MCCU gives 0.80 eMeasure; and the LB gives 0.Ggd~Measure.
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Figurel0Classifierss.MCC.

The above figure 10 represents the numerous MCC levels of Bagging, LB, ICO, CVR, MCCU, and RC on Meta moc
The RC gives highest outcome compare with other models such as 0.82 of MCC; givesd&ast outcome compare than
other modelssuchas0.300f MCC; Th&aggingand CVR gives sanmitcomesuchas0.700f MCC; The MCGdives0.61of ~
MCC; and the LB gives 0.52 of MCC.

Table4 Classifierss.Errors.

Classifier MAE RMSE RAE RRSE
Bagging 0.39 0.42 77.30% 84.69%
ICO 0.39 0.50 78% 99.49%
LB 0.22 0.45 47% 89.84%
CVR 0.39 0.42 77.30% 84.69%
MCCU 0.20 0.45 40.00% 89.44%
RC 0.29 0.33 58% 66.63%

The above table 4 depicts the Mean Absolute Error (MAE), Relative Absolute Error (RAE), Root Measure Squared Err
(RMSE), and Relative Root Squared Error (RRSE) of selected classifiers.

0,39 = 0,39 0,39

N
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Figurell Classifierss.MAE.
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The above figure 11 represents the numerous MAE levels of Bagging, LB, ICO, CVRnNMEClhn Meta models.
The MCCU performs well compare than other models which is 0.22 of MAE; the Bagging, ICO and CVR performance are sal
as well worst compare than other models which is 0.39 of MAE; the RC is 0.29 of MAE and the LB is 0.22 of MAE.
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Figurel2 Classifierss.RMSE.

The above figure 12 represents the numerous RMSE levels of Bagging, LB, IGCGCCQY,Rnd RC on Meta models.
The RC performs well compare than other models which is 0.33 of RMSE; the ICO is having worst enactment which is 0.50
RMSE; the ICO and MCCU are having same enactment which is 0.45 of RMSE; the Bagging and CVR aree having s
performance which is 0.42 of RMSE.
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Figurel3Classifiery's.RAE.

The above figure 13 represents themerous RAE level of Bagging, LB, ICO, CVR, MCCU, and RC on Meta models. Th
MCCU performs well which is 40% of RAE; the LB shows 47% of RAE; the ICO performs worst case which is 78% of RAE
Bagging and CVR are showing worst performance as well sah i8 77.30% of RAE; and the RC performance is 58% of
RAE.
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Figurel4 Classifierss.RRSE.
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Theabovefigure 14 represents thenumerous RRSEvelof Baggingl B,ICO,CVRMCCU, and R@h Meta models.The
RC shows bestnactment which is 66.63% of RRSE; the ICO shows worst enactment which is 99.49% of RRSE; the LB a
MCCU shows same performance which is 89.44% of RRSE; the Bagging and CVR shows 84.69% of RRSE.

5. Conclusion

Based on the results of this study, it can belghat the RC provides the best results compared to other models, such
as an accuracy of 90%, while the ICO provides the worst results compared to other models, at 65% accuracy, 90% precisio
65% recall, and 65%rReasure. The RC yields the best resulassessment to other models, such as the ROC (0.96), while
the ICO vyields the worst results (0.74), the PRC (0.94), and the ICO and MCCU yield the same results (0.74), respectively.
comparison to other models, the ICO's O:&ttond creation time for thkione is the longest; the LB's 0:8&cond creation
time for this one is the shortest. When compared to other models, the RC yields the best results (0.80 kappa), while the ICC
yields the worst (0.30 kappa), the RC yields the best (GrB8aisure), and théCO yields the worst (0.65nfeasure), and so
on. When it comes to the mean correlation coefficient (MCC), the RC yields the best (0.82 kappa), while the ICO yields th
worst (0.30 k The best RRSE performance can be found in the RC, at 66.63 percerthenhdrst can be found in the ICO,
at 99.49 percent. The Random Committee model is recommended in this work because it performs well across multiple
metrics.
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Abstract Before making any decision, especially a financial one, people use social media to chat to, learn abi
obtain advice from others. How cesocial media opinions be relied on and utilised economically? Due to social 1
sites like Facebook and Twitter, where millions of individuals offer-the thoughts on anything using slang a
emoticons, data science researchers have access to moestuctured yet useful information. Social media incluc
Twitter. 326 million active social media users sent 500 million tweets daily in July 2018, indicating the sector
expansion. Tweets can be viewed, edited, and sent. Knowing how to intespeetd, which might be facts or views,
helpful. Such a study may predict the stock market, election, response event, news, and subjectivity scales. Tv
analysed using Sentiment Analysis (SA). On the other hand, Sentiment analysis provides avbroadv of tweet
polarity and is not beneficial for decisignaking. In this research, we design a natural language processing (NLP)
SA model to overcome the challenges of tweet sentiment recognition and build a hybrid system that can recogr
classify sentiment in Twitter's reiime reactions to any topic. We use a threlassifier machine learning method
analyse tweets from the Sentiment140 dataset (Logistic Regression, Bernoulli Naive Bayes, and SVM). Our fir
supported by the &m Frequencyinverse Document Frequency analysis-IOF). After that, accuracy and F1 Scores
used to evaluate these classifiers.

Keywords:sentimentanalysisnlp, dss,twitter, machinelearning

1. Introduction

The term "sentiment analysisis used to describe the process of locating and labelling the emotions that are
expressed in a piece of writing. When analysed, tweets can yield a wealth of information about public opinion. These
statistics help us learn how individuals feel about certasues. As a result, to calculate customer satisfaction, we need to
create an automated ML sentiment analysis model. Model implementation becomes more challenging when both relevant
and useless characters (called noise) are present in the data.

Thesocid media platform Twitter has become a popular pldgepeopleto express their thoughts and feelings about
current events in the digital age. When it comes to sharing information about current events, politics, and public opinion,
Twitter has become the ost popular online social networking tool. Anyone can use this to find out what people are talking
about on Twitter right now (Zhongyu Lu 2015). When it comes to social data, live streaming is a convenient method of
obtaining both positive and negative &ssments of any current issue. Due to the exponential growth in social media data
(Twitter, Facebook, etc.), enterprise data warehouses must develop effective methods of dealing with this new type of data.

People can share their thoughts and build relatibips through posts, comments, messages, and the likes section of
social media platforms, which serve as virtual barriers between users. A social media site that is rapidly expandirgg.is Twitt
Even in July 2018, Twitter had 326 million active users weho gut 500 million tweets per day (Ruz et al 2020). Tweets are
1l40-character messages that anybody may write, send, edit, and read. People frequently use Twitter to report on a wide
range of events. As a bonus, Twitter also gives a trove of tweets fguuhléc to peruse.

A "tweet" on Twitter is a short text message that can express the user's thoughts and feelings. An enterprise or group
could learn a lot from analysing this (Daniati E 2020). The findings of this study can be applied to the foret#stimg o
events andhe identification ofemerging trends. Alsdhe analysigesultmay bea description othe framework ofthe entity
relationship between Twitter users. Sentiment analysis, a subfield of NLP with its sequence of steps, is necessary fo
obtaining this research's findings.
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Clustering, preprocessing, counting, recording word occurrences amkxing is the cornerstones of most existing
event discovery methods (Zhongyu Lu 2015).

(Haifei Huang et al 2015; Avery Ching et al 2015). Existing topic recognition approaches only address issues of glob
magnitude, while interesting new issues of lassegnitude receive far less attention (Erich Schubert et al 2014). These new
developments will alert consumers to developing trends so they can act swiftly.

Decisioamaking in a business is crucial. This necessitates the creation of what is esseutigilyian support system
embedded within a management information system (DSS). It helps businesses efficiently manage their marketing,
promotions, and product offerings. The influence of social media platforms is equally crucial to these events. TitaiskBSS t
consumer feedback on advertisements and services across multiple platforms. This helps managers make judgements nc
based on their gut but on data and modelling criteria. The process of sentiment analysis produces these standards. Becaus
of this, the ensuing decisions are more efficient and in line with the company's aims, and managers have a plethora of
options from which to choose.

In this study, we suggest developing and implementing practical methods for mining event information and sentiment
from Twitter streams in redime. The attitudes on Twitter data are classified using a variety of ML models, including Logistic
Regression, Bernoulli Naive Bayes, and SVM. Collected information about popular tweets is loaded intodhtabage for
analyss. The suggested method maintains its superiority even when the data size and the number of events rise, making it a
good candidate for largscale applications. Experiments conducted on the real dataset demonstrated the effectiveness of
the method for re&ognising viewpoints in rediime tweets.

This paper follows thetructuredescribed belowA review ofthe relevant literatureis provided in Section 2, whitee
system architecture is described in Sections 3 and 4. The results and methodology usetassed in Section 5. Section 6
contains the conclusion.

2. RelatedWork

Here, we'll look at the most important studies on sentiment analysis and product rankings as they relate to decision
making assistance systems. To boost sentiment analysis effectsjeneserous strategies have developed over time. These
methods have progressed frolaxiconbased algorithms and ML algorithms to more recent and sophisticated DL algorithms.

By using this paradigm, Islam A. et al. (Islam 2021) can transform data mimetylectured output into labelled data,
which can then be used to construct an advisory and decisiaking system (DMSS). Data mining techniques have allowed
them to amass vast amounts of information, but the real challenge lies in sifting throughtladit afoise to find the gems of
insight. Machine learning and deep learning algorithms were found to significantly improve categorization accuracy across
the board. The Covid corpus, processed with a long dieomt memory, yielded the greatest accuracyadlassifying (99%
during training and 96% during testing) (LSTM).

(Kavitha et al 2018) devised a streaming algorithm to retrieve information from Twitter through a keyword search.
Data visualisation, report generation, and analysis are all goals of theefdéta visualisation application. Configuring the
system with Hadoop, Hive warehouse, and Apache Flume retrievetimeatiata from Twitter. The keyword file is uploaded
to the Hadoop cluster where the flume agent will gather the necessary data viflume channel and then dump the
information into the Hadoop Distributed File System. This programme can be used to monitor public opinion in real time on
issues such as Elections, Government actions, or any other topic of public interest.

The TSS model sggsted by (Guo 2019) uses a novel baseline correlation approach, which not only shows good
prediction accuracy but also lessens tt@mputational cost and allows for quick decisions to be made without access to past
data. R is used for a variety of staitisl purposes, including lexicdrased sentiment analysis, polynomial regression, and
classification modelling. Using the suggested baseline model and without consulting historical TSS or market data, the
resulting TSS accurately forecasts the future stoekket trend by 1&ime samples (30 working hours). In particular, TSS's
performance in predicting an upward market is found to be significantly better than its performance in predicting a negative
market. TSS's prediction of the future market's upwarentt is 97.87% accurate when using logistic regression and linear
discriminant analysis.

(Daniati E 2021) aimed to provide a decisinaking framework using sentiment analysis. This study also represents
an advancement over the prior decisiomaking framework, which relied on sentiment analysis. A switch from the SAW
approach to theTOPSIgethod allowed for better modelling dhe criteria. Also, a comparison is madetween TOPSkhd
SAW in terms of the final value of the decision alternativesrescand rankings at the end of the process are utilised as
comparison criteria. When compared to TOPSIS, the final score obtained by the SAW approach is higher. In addition, th
rankings produced by TOPSIS and SAW are distinct.

To make decisiomaking as asy as possible (Pai 2022) created a visual representation ofimealtweets by
classifying and determining the polarity score of live tweets according to whether it is positive, negative, or neutral using
Vader, which is more efficient than traditionalgorithms, and presenting the user with a graph of the subject matter, which
is updated by the tweets posted every second.
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The work of (Talpada et al 2019) shows the relationship between DL and lexical and séraseticsentiment
classifiers, (ii) the accuracy of sentiment prediction using these methodswanaally annotated sentiment dataset, (iii) the
effect of domainspecific knowledge on the accuracy of sentiment prediction methods, and (iv) the use of Thaiskeat
sentiment to understand the impact of telemedicine on heart attack and epilepsy. Theyousdlifferent sentiment
predicting strategies in their study. They gathered a dataset of 1.84 million tweets that were posted in the past linked to
health. Theirresearchshowsthat traditional lexicaland semanticapproachego sentimentpredictionare more accuratethan
Deep Learning techniques. They found that the target text's prevalence of despadaific words affected the accuracy with
which sentiment could be predicted using only generic information.

SentDesk was an attempt by (Oppong et al 2@@3reate a system that may aid businesses by taking user sentiment
into account while making decisions. Some businesses in Ghana used this technique, and the results showed that it wa
superior to human evaluation. Despite this, the authors have notraikéo account user discontent or hesitation when
making decisions by ignoring the hazy sentiment phrases that were included in the opinions.

To generate lists of recommended purchases (Najmi et al 2015) examined the opinions expressed in online reviews o
lexiconbased products such as higlefinition televisions and cameras by computing the emotion score of opinions, the
brand score of each product, and the helpfulness of each review. Jetitigiria decisioamaking (MCDM) is a ranking system
that takes io account elements of items and customer contentment, discontent, and reluctance for these aspects, whereas
the aforementioned methods only evaluated user pleasure for products by assessing sentiment. In addition, a-decision
making tool for ranking thirg A& LINBaSyGSR Ay O0{SRST 41 tP unwmbased SAi KA &
approaches to evaluate potential options.

(Jawa and Hasija 2015) came up with a model that uses the basics of the Interest graph and Sentiment analysis t
figure out how dfferent things relate to each other and make suggestions, like whom to follow on Twitter or what to buy
online.

Thisstudymakesseverakeycontributions,whichcanbe summarizedasfollows:

1 Investigation of a lexical dictionary's implementation viapiind assessment of an ensemble's effectiveness for
sentiment classification of tweets.

1 Integration and evaluation of three feature engineering approachedDH;- BOW, and a combination of BOW and
TFIDF.

1 Introduction of an ensemble model consisting of kRpport vector classifier (SVC), and Bernoulli naive Bayes (NB)
for tweet sentiment classification. The ensemble's combination proved to yield promising results, especially
considering LR's proficiency in binary classification tasks.

1 Extensive experimeation was conducted to compare the proposed approach's performance against conventional
state-of-the-art machine learning models.

3. SentimentAnalysis

Research into the analysis wfitten expressions of opinion, sentiment, and emotion about entities (suchraducts,
services, organisations, people, events, issues, and themes) is an active subfield of natural language processing known
sentiment analysis. Sentiment analysis aims to recognise, extract, and categorise feelings expressed by users on onlir
forums like social media, blogs, and product review sites. With the proliferation of social media platforms like Twitter and
Facebook, as well as review aggregators like Rotten Tomatoes, Amazon, and Yelp, sentiment analysis has attracted tt
interest of acaemics and businesspeople alike. Separating subjective and objective phrases, or identifying opinions and
facts, is thegoalof the categorization process known as "subjectivity." Meanwhile, sentiment categorization psdbess of
figuring out if a give statement is positively or negatively oriented based on the emotions it conveys. Moreover, some
scholars are interested in measuring the intensity of sentiment polarity by calculating its intensity (or strength). The
investigation of how people feel abbwarious aspects of things is called "featdr@sed sentiment analysis,” and it's the
subject of an irdepth study. The featurbased sentiment analysis of smartphone screens, for instance, examines the
emotional expressions of smartphone users and attesnip determine whether they are good or negative. Wéedel,
phrase or sentencelevel, documendevel, and featurdevel sentiment analysis are all possible jobs.-2B8racter snippets
of information disseminated via Twitter are called "tweets," ané 8ite is one of the most popular ways to communicate
online. The fineness of detail provided by the word level is appropriate here. Several methods have been used to
automatically analyse the tone of text based on the predicted emotional tone of individoras, phrases, and entire texts.

Such examples are dictionabased methods and ML (machine learning) approaches. Here, we offer a method for mining
Twitter data's sentiment that takes advantage of both supervised and unstructured methods. The neyiaparavill show
an example of our proposed method in action.

4. ProposedApproach
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Thesuggestedstructureis comprisedof the followingfour stages:

Intelligence Design Choose Implementatlon
i Sentiment Decision ( -
Crawling . Decision Applying
p— Analysis Support B .
| engine System ecision

Figurel DeC|S|onMak|ng Frameworklnto SentlmentAnaIyS|s

The decisiormaking proceduras illustrated in Figure 1. Crawling Tweets and a Sentiment Analysis Engine is part of
the Intelligence Phase. Twitter content is "crawled" to collect tweets that match certain search criteria. A computer tool
called Sentiment Analysis Engine can sonrttao$ tweets into positive, negative, and neutral categories. During the planning
phase, the polarity label serves as a criterion. Thus, the profit criteria are labelled positively and neutrally but kg var
degrees of importance. At the same time, ttabels for the cost criteria are all negative. As an input for the value of each
criterion, we use the total number of tweets that fit the label.

Theframework'sarchitecture forgeneratingdecisionsviasentimentanalysidgs depictedin Figurel. It shouldbe noted
that this new framework is an update to the old one. It's also possible to return to the beginning of the process, at the
intelligence block, by following a route that begins at the Implementation block. When decisions are put into thetieris
a corresponding flow of information or feedback. There must be input in the form of feedback if the decision made was
inappropriate or if there were roadblocks that ran counter to the decisitaking phase, otherwise, the existing processes in
the intelligence and design phase would not be revised.

The complete Sentiment Analysis Engine (SAE) model, depicted in Figure 2, comuuisberof phases. Let's break
this down step by step.

4.1. Twitter Dataset

We're making an effort to gather all of the kalbed tweet data at this point. The tweets in this dataset were retrieved
from kaggle.com. This dataset contains information about English tweets that have been assigned positive, negative, ot
neutral polarity labels. In addition, the Twitter dataset isieerted into a corpus for usage in Text fPrecessing.

The Sentiment140 Dataset includes 1,600,000 tweets that were collected with the use of the Twitter API. There are a
total of 1,600,000 tweets in the training set for the sentimddt0 dataset, 800,000f which contain positive emoticons and
800,000 of which contain negative emotions. The test set consists of 177 negative tweets and 182 positive tweets, with only
a subset othis data containingemoticons. Any business ordividual interested irquickly andeasily determining whether or
not their brand, product, or issue is generally wided or disliked on Twitter can utilise this dataset. There are no- non
English tweets in this data collection. The dataset contains the following columns:

1 target: tweet'sdivisivenesgpositiveor negative)

9 ids: Thetweet'sone-of-a-kindid

1 date: the date of the tweet

1 flag: Itisaboutthe question.If sucha querydoesnot alreadyexist,then the term "no query" applies.

1 user:Thatisthe nameof the Twitter personwho sentout the tweet.

1 text: Thispertainsto the actualcontentof the tweet.
Tablel DatasetSummary.
Split Examples
Test 498
Train 1,600,000

Data Collection

Pre-processing Feature

Bow

API

Twitter Dataset
Input Data

|

Stopword
Removal

Stemming

Training Data

2;(((!

Prediction Model
(Sentiment Polarity)

Figure2 Sentiment AnalysiEngineArchitecture.
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4.2. TextPreprocessing

At this point, we are attempting to gather a pristine collection of words and terms. This is done to ensure that this
group of words can be organised structurally and has value. Tokenizing, removing slang, eliminating stop words, anc
stemming are the compuents that make up this procedure. The process of tokenizing seeks to produce a list of words that
have no punctuation in between them. In addition, slang removal involves changing instances of slang to their regular word
counterparts. The method known &top Word Removal works to get rid of words like conjunctions that don't have any
significant meanings on their own. The stemming procedure is the final step. This procedure attempts to alter the
fundamental structure of words.

4.3. Tokenization

Tokenization réers to the process of disassembling complete sentences into their component words as the first step
in preparing text data for analysis. By isolating words rather than whole phrases, meaning is lost. This is even thaugh it is
frequent approach to analysg massive text databases. For text data analysis, it is sufficient for computers to look at what
words appear in an article and how often these terms appear. This is fast, easy, and accurate, and it yields informative
results.

4.4. Stopwords

Thenews story ha been cleaned up afteyomeediting, however, therare still terms like"and," "we," and "etc."that
we would prefer not to see. Getting rid of the filler words (also known as "stopwords") is the next step. Words that are used
repeatedly but have no realignificance in any given context are called stopwords. Words like "I," "the," "a," and "of" are all
examples of stopwords. If these terms were removed from articles, it wouldn't change how they were understood. If we
import the stopwords from the NLTHtary, we can get rid of them.

4.5. Lemmatization

All news articles will be reduced to a list of intelligible words by removing stopwords, symbols, numbers, and
punctuation.Butto tally up the occurrences of each worgpu haveto changethem back totheir baseforms, eliminatingthe
tense markers that were previously obscuring the count. To determine the frequency of occurrence of the word "open" in a
given news story, for instance, one must count all instances of the word, including its many forms (opems,' and
‘opened’). As a result, lemmatization is a crucial stagext processing. Stemming is another method for reverting a tierm
its base form. The dissimilarities are as follows:

text = 'I ate two apples yesterday'
words=[token.lemma_ for token in nlp(text) if not token.is_punct]
words
['-PRON-', 'eat', 'two', 'apple',6 'yesterday']
porter = nltk.PorterStemmer ()
[porter.stem(t) for t in text.split()]
['T', 'ate', 'two', 'appl', 'yesterday']
Figure3 SampleExampleof Lemmatization.

One way to breaklown a word is to use lemmatization, while another is to use stemming, which gets at the linguistic
roots of the term. Because some words become unintelligible after being stemmed, lemmatization was chosen instead. The
lemma provides a clearer meaning thtre linguistic root.

4.6. FeatureExtraction

Bag of Words, FIDF, word embedding, and Natural Language Processing (NLP) based features like word count, noun
count, etc. are just a few of the many feature extraction methods available. In this researtdokeel at how the use of TF
IDF word level and Bag of Words features affected the sentiment analysis of a dataset containing tweets.

4.7. Bagof Words
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The bag of words model is employed in NLP and IR projects for the purpose of represexisngnd extracting
features from them. A document is represented as a multiset of its words, with syntax and word order ignored while word
frequency is preserved. Text clustering, document similarity, and classification are just some of the appldaticnshis
representation is beneficial.

4.8. TFIDFVectorizer

Information retrieval and natural language processing applications make use-I&fFTETerm Frequendypverse
Document Frequency), a statistical measure. It indicates how significant a docunent'sstin comparison to the overall
corpus. A notion at its most fundamental level is that a term that is common in a single document but scarce across the
entire corpus provides more insight than a word that is common in both the document and the corpus.

Term Frequent (TF). The following equation provides a measurement of the frequency with which a given term, t,
appears in a given text, d:

(6Q0= €40
QQ 046X £ QWA AT @ TMEWAE EoO

)

The term "t" appears in the given document "d" a total of n times, which is denoted here by the numerator value "n."
As a result, every document and every term would have its very own unique TF value.

The Inverse Document égquency (IDF) is a measurement used to determine how significant a term is and is denoted
by Equation (2). The value of the IDF is necessary for us because only computing the TF on its own is insufficient t
comprehend the significance of words:
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4.9. Trainingand TestingData

In this step, wdl be working to train a model using actual data. A classifier of ML is used to train data. Bernoulli Naive
Bayes, Support Vector Machine and Logistic Regression were used to perform the classification in this study. To categoris
tweets that haven't beemabelled, we utilise the model we learned from the labelled data as training.

Our evaluation metrics are applied to the trained model to determine how well it is doing. As a result, we utilise the
following metrics to assess the accuracy of the models:

ConfusiorMatrix and Receive©OperatingCharacteristicCurvefor Accuracy.

In the testing phase, unlabelled tweets (Test Data) are subjected to various classification methods. The polarity of this
Tweet will be marked as either positive (+), negatiyeof neutral (=). The model and classifier are put to the test to classify
the data. When utilising data for model development via training, it is important that the classifier employed is appropriate
for the classifier type.

5. Resultsand Discussion

© df.head()

g target ids date flag user text
0 0 1467810369 Mon Apr 06 22:19:45 PDT 2009 NO_QUERY _TheSpecialOne_  @switchfoot http://twitpic.com/2y1zl - Awww, t...
1 0 1467810672 Mon Apr 06 22:19:49 PDT 2009 NO_QUERY scotthamilton is upset that he can't update his Facebook by ...
2 0 1467810917 Mon Apr 06 22:19:53 PDT 2009 NO_QUERY mattycus @Kenichan | dived many times for the ball. Man...
3 0 1467811184 Mon Apr 06 22:19:57 PDT 2009 NO_QUERY ElleCTF my whole body feels itchy and like its on fire
4 0 1467811193 Mon Apr 06 22:19:57 PDT 2009 NO_QUERY Karoli @nationwideclass no, it's not behaving at all....

Figure4 Fivemostnotabledatarecords.

Figure 4 is an illustration of the exploratory data analysigeftop five records with thenost occurrences, which will
be displayed.
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[ ] df.info()

<class 'pandas.core.frame.DataFrame’>

RangeIndex: 1600000 entries, @ to 1599999

Data columns (total 6 columns):

#  Column Non-Null Count Dtype
target 1600000 non-null inte4
ids 1600000 non-null inte4

1600000 non-null object

flag 1600000 non-null object

user 1600000 non-null object
5 text 1600000 non-null object
dtypes: inte4(2), object(4)

memory usage: 73.2+ MB

b wNnRE=
[=
W
+
"]

Figure5 Datainformation.

Distribution of data
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Figure6 DataVisualizatiorof Targetvariables.

Figure6 illustrates thevariables that areontained within alwitter dataset, such as theositive andnegativesamples
that are on the target set.

<matplotlib.axes. subplots.AxesSubplot at ex7fseeldea7fe>
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200000

100000 -

0

target

Figure7 Plotrepresentationof targetvalues.

Upon observation of entries for eaatlass, it becomes apparent that the negative class spans from the Oth to the
799,999th index, while the positive class encompasses entries starting from the 800,000th index until the end of the dataset.
Tables 2 and 3 present tlewunts of positive and negive words, as well as thgord count per message.

https://www.malguepub.com/multiscience
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Table2 PositiveVs.Negative.
No.of positivetaggedsentences 788435
No.of negativetaggedsentencels 790177
Totallenghof the datais 1578612

Table3 word countper message.

Text Word count
Isverybadfor hisschoolmate 7
I ignoredthe latestmovie AV 6
Omygits already7:30:Clk 5

wanna another
o really

[ V]
=
+
i
it
B,

school:
went
GE S lglgjp

thingaiaye

sonefeel CkgOlng

0 200 400 600 800 1000 1200 1400

eSOrr

Figure8 Word cloudfor peopleto usein their unfavourableweets.

thinkgo
imglad

welcome

thing

cal

0 200 400 600 800 1000 1200 1400

Figure9 Word cloudfor usein tweetsthat are positive.

fwilléioday;

Thepositiveand negativetweets thatwere includedin the datasetare displayedn Figs.8 and 9, respectively.

Specifically, we have applied the following three models to the problem statement:

SeveralStatistical Methods (includinBernoulliNaiveBayesSVM,and LogisticRegression3electingthesemodels was
motivated by a desire to evaluate all classifiers, frommiest basic to the most complicated, on the dataset in search of the
one with the highest performance.
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40.31%
Figurel0 TheConfusiorMatrix for the BernoulliNBApproach.
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Figure11ROQurvefor BernoulliNB.

o
o

Figure12 ConfusiorMatrix for LinearSVQModel.
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Figurel3ROGCurvefor LinearSVQviodel.

Figurel4 ConfusiorMatrixesfor LRApproach.
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Figurel5 ROCurvefor LR.

When compared to the other models we tried, the Logistic Regression Model is the winnelastdy a tweet's
sentiment, it obtains nearly 83% accuracy.

It's worth notingthat the BernoulliNBModelis alsothe quickestto train and make predictions withAsa classifier,t is
80%effective. Summary dindings Accuracy afteanalysingll ofthe models, wefound the following information to betrue.

With regards to model accuracy, Logistic Regression outperforms SVM, which in turn outperforms Bernoulli NB.

F1 Score: The F1 Scores for class 0 and class 1 are as follows: (a) For class O:NEer@aglliracy = 0.90) SVM
(accuracy =0.91) LR accuracy = 0.92) (b) For class 1, Bernoulli NB has an accuracy of 0.66, Support Vector Machines hav
accuracy of 0.68, and Logistic Regression has an accuracy of 0.69.

Thereis no differencein the ROCAUChetweenany of the three models.

Basedbn our analysiswe determinethat the LRisthe optimal modelfor the aforementioneddata.
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E 82

> o\o 8l 80

(&)

o 80
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Logistic Linear SVC Bernoulli Naive
Regression Bayes

Classification Model

Figurel6 Accuracyof eachModel.

81
80
79 I
78

Bernoulli NB Linear SVC  Logistic Regression

M Precision M Recall mF1Score

Figurel7 Performancegraphof different ML modelsusedin this work.

All of these models did quite well on the Twitter dataset, and their relative accuracy in this suggtstegy is
displayed in Fig. 16. Accuracy for LR, Linear SVC, and Bernoulli NB are, respectively, 83%, 82%, and 80%. It turhBd out tha
classification was the most accurate method.
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Table4 Accuracyand Evaluationparametersfor three models.

Model Accuracy Precision Recall F1Score
BernoulliNB 80 80 81 80
LinearSVC 82 81 82 82
LogisticRegression 83 82 84 83

Table5 Evaluatiorof the SuggestedrResearclDesignagainst existingvorks.

Ref Year Classifier Dataset Accuracyin (%)
Athindran 2018 NB Selfcollected 77

2018

Vanaja 2018 NBand SVM Selfcollected 81

2018

Rathi2018 2018 AdaboostSVM Sentiment140 67,80
Wongkar 2019 NB Twitter 75.58

2019

Prabhakar 2019 AdaBoos{BaggingBoosting) Twitter-Airlines 68 F1score
2019

Hourrane 2022 Ridgeclassifier Sentiment140 76.84

2019

Alzyout 2021 SVM Twitter USAirline Sentiment 78.25

2021

Proposed 2023 LR+ LinearSVC+BernoulliNB Sentiment140 83%,82%,80%

Table4 providesa detailed overviewof eachmodel'sperformance while Table5 evaluateshe suggestedesearch
in the context of existing works.

Proposedmodelaccuracycomparedto other
findings B Accuracy

100

80
60
40
20

0

Figure 18Comparison of the Proposed Model's Accuracy withRiesults of Other Studies. (Source: Athindran 2018; Vanaja 2018; Rathi
2018; Wongkar 2019; Hourrane 2019; Alzyout 2021).

6. Conclusion

Sentiment analysis on Twitter is part of the broader field of text and opinion mining. The purpose of this research was
to explain why different machinkearning methods yielded different results when applied to Twitter data for sentiment
analysis. In this paper, we offer a method for extracting Twitter sentiment analysis by first balancing and scoring afsample
tweets, andthen classifying them into different categories using machine learning classifiers. Logistic Regression, Support
Vector Machine and Bernoulli Naive Bayes are some of the classifiers utilised here. This methetliieéingith a dataset
derived from Twiter that can be accessed through the NLTK corpus resources.

Fig. 2 depicts the suggested framework, which consists of four distinct phases: tweet crawling, sentiment analysis
engine (SAE), decision support system (DSS), and decision making. From thectsmhsentiment analysis, the framework
can provide a variety of alternate decisions. There is no need for the decision maker to manually enter the criterion value.
The sum of the evaluations obtained by SAE analysis can be used to determine criteria@atusisategy will be enhanced
by exploring the use of bigrams and trigrams shortly. We also plan to look into other forms of deep learning, such as
NBOAINNBY G ySdzNF f ySig2N]l ax YdzZ GAfF @SN LISNOSLIINRYQaz | YR



https://www.malque.pub/
https://www.malquepub.com/multiscience

Ethicalconsiderations

Not applicable.

Declarationof interest

Theauthorsdeclareno conflictsof interest.
Funding

Thisresearchdid not receiveanyfinancialsupport.

References

AlzyoutM, BashabshelEA, NajadatH, Alaiad A (2021) SentimentAnalysisof Arabic Tweetsabout ViolenceAgainstWomen usingMachineLearning.In
Proceedings of the 2021 IEEE 12th International Conference on Information and Communication Systems (ICICS), Val@4ci26 Smail,7£176.

Athindran NS, Manikandaraj S, Kamaleshwg@®8) Comparative analysis of customer sentiments on competing brands using hybrid model approach. In
Proceedings of the 2018 IEEE 3rd International Conference on Inventive Computation Technologies (ICICT), Coimbataq&6/ma348353.

Avery Ching,SergeyEdunov,Maja Kabiljo, DionysiosLogothetisSambaviMuthukrishnan(2015)& h yT8llion EdgesGraphProcessingt C+ 05622 1 { OF £ S
Proceedingefthe VLDEENndowment8:18041815.

Daniati E, UtamaH (2020) DecisionMaking FrameworkBasedon SentimentAnalysisin Twitter UsingSAWand Machine LearningApproach,in 2020 3rd
International Conference on Information and Communications Technology (ICOIACT),q222218

Daniati E, Utama H (2021) TOPSIS in Dedisatiing Framework Based on Twitt8entiment Analysis, 2021 4th International Conference on Information
and Communications Technology (ICOIACT), Yogyakarta, Indonesia,-pp326®I1: 10.1109/ICOIACT53268.2021.9564015.

Erich Schubert,Michael Weiler, HansPeter Kriegel(2014) SigniTrend ScalableDetection of EmergingTopicsin Textual Streamsby HashedSignificance
Thresholds, Proceedings of the 20th ACM SIGKDD International Conference on Knowledge Discovery and Data Mini@gQpp: 871

Guo X, J Li (2019) A Novel Twitter Sentiment Aisaledel with Baseline Correlation for Financial Market Prediction with Improved Efficiency, 2019 Sixth
International Conference on Social Networks Analysis, Management and Security (SNAMS), Granada, Spain, 2019%47@p. DOR
10.1109/SNAMS.2019.893172

Haifei Huang, Jianxin Li, Richong Zhang, Weiren Yu, Wuyang Ju (2015) Livelndex: A distributed online index systemlforitenbfmgedata, IEEE 17th
International Conference on HigPerformance Computing and Communications (HPCC), pi3884

HourraneO, IdrissiN (2019)SentimentClassification oiMovie Reviewsind Twitter: An ExperimentaStudyof Supervised.earning Modeldn Proceedingsf
the 2019 IEEE 1st International Conference on Smart Systems and Data Science (ICSSD), Raba3¢Mieécco,

Islam A, Chang K (2021) R€&mhe AlBased Informational Decisigvlaking Support System Utilizing Dynamic Text Sources. Appl Sci 11:6237. DOI:
10.3390/app11136237.

JawaV, HasijaV (2015)A Sentimentand Interest BasedApproachfor ProductRecommadation, 2015 17th UKSirRAMSSInternational Conferenceon
Modelling and Simulation (UKSim), Cambridge, UK, 2015, 0.130I: 10.1109/UKSim.26

Kavitha G, SaveenB, Imtiaz N (2018) DiscoveringPublic Opinionsby Performing SentimentalAnalysison Real Time Twitter Data, 2018 International
Conference on Circuits and Systems in Digital Enterprise Technology (ICCSDET), Kottayam, India,-20D&)Ipi011109/ICCSDET.2018.8821105

Najmi E, HashmiK, Malik Z (2015) CAPRAa comprehensiveapproachto product ranking using customer reviews. Computing 97:843,867. DOI:
10.1007/s00607015-04398.

Oppong, Stephen,Asamoah,Dominic, Oppong, Emmanuel,Lamptey, Derrick (2019). BusinessDecisionSupport Systembased on SentimentAnalysis.
International Journal of Information Engineering and Electronic Business-49:380I: 10.5815/ijieeb.2019.01.05.

Pai ARPrinceM, Prasannakuma€V(2022)RealTime Twitter Sentiment Analyticand VisualizationUsingVader,2022 2nd InternationalConferenceon
Intelligent Technologies (CONIT), Hubli, India, 2022,-dpDDI: 10.1109/CONIT55038.2022.9848043.

PrabhakaE,SanthoshM, KrishnanAH,KumarT, SudhakaR (2019)Sentimentanalysisof USAirline Twitterdatausingnew AdaBoosgapproachInt JEngRes
Technol (IJERT) €6

Rathi M, Malik A, Varshney D, Sharma R (2018) Mendiratta, S. Sentiment analysis of tweets using machine learning appooeetingof the 2018
IEEE Eleventh International Conference on Contemporary Computing (IC3), Noidaghiié®, 2

RuzGA, HenriquezPA, MascarefioA (2020) Sentimentanalysisof Twitter data during critical eventsthrough Bayesiametworks classifiers Futur Gener

Comput Syst 106:@204.

{SRST 4+t Ps SoySY ,PEYFET . FEflLYLY oO6uHnmdd LYLNRBZSR RS dntegrdtienbisentned YI NJ S
analysis and intuitionistic fuzzy multi criteria assessment, Comp&témslustrial Engineering 129:31382.DOI: 10.1016/j.cie.2019.01.051

TalpadaH, HalgamugeMN, TranQuocVinh N(2019)An Analysis orUse of Deep Learning and LexiamantiBasedSentimentAnalysis Methoan Twitter

Data to Understand the Demographic Trend of Telemedicine, 2019 11th International Conference on Knowledge and SystemsgEiEge Da Nang,
Vietnam, pp. 19. DOI: 10.1109/KSE.2019.8919363.

Vanaja S, Belwal M (2018) Aspbstel sentiment analysis on@mmerce data. In Proceedings of the 2018 IEEE International Conference on Inventive
Research in Computing Applications (ICIRCA), Coimbatore, Ingii&; 147%1279.

Wongkar M, Angdresey A (2019) Sentiment analysis using Baiyes Algorithm of the data crawler: Twitter. In Proceedings of the 2019 IEEE Fourth
International Conference on Informatics and Computing (ICIC), Semarang, Indonekrald®

Zhongyu Lu, Weiren Yu, Richong Zhang, Jianxin Li, Hua Wei (2015) Diséwesririgvolution Chain in Microblog, IEEE 17th International Conference on
HighPerformance Computing and Communications (HPCC), pg64&B5



https://www.malque.pub/
https://www.malquepub.com/multiscience
https://doi.org/10.1007/s00607-015-0439-8
https://doi.org/10.1007/s00607-015-0439-8
https://doi.org/10.1016/j.cie.2019.01.051

‘1‘_ MULTIDISCIPLINARY CONFERENGEAPEF

PublishedOnline:Augustl0,2023

&’,@ SCIENCE JOURNAL https://doi.org/10.31893/multiscience.2023ss0103

AdvancingengineeringScienceand Technologytnnovationsand Developmentsn Researcland Development

0T systemarchitecturefor monitoring and ()

analyzingpublictransport data

lhor Zakutynskyt @ | lhor Rabodzéf

aNationalAviationUniversity Kyiv,Ukraine RadioElectronidDevicesand System®epartment,Facultyof Air Navigation Electroniceand Telecommunications.
b NationalAviationUniversity Kyiv,Ukraine Departmentof Information TechnologySecurity Facultyof CyberSecurity Computerand SoftwareEngineering.

Abstract The crucial role of public transport in the economy and modern déyelopment is widely acknowledge
However, contemporary public transport systems are confronted with several challenges that require resolution.
challenges include redélme monitoring, data management, passengers flow optimization, and road exdcjatediction.
The Internet of Things (IoT) presents a promising avenue for the development of modern public transport mana
systems. By leveraging a diverse range of technologies, such as sensors, edge devices, cloud computing, a
communicdion infrastructures, IoT systems can enable the creation of robust and automated public trar
infrastructure. In this research, we propose an architecture for a public transport monitoring and management s
The proposed system can effectively leot, store, and monitor public transport data, thereby facilitating efficii
management and timely response to risks that arise in the transport system. Implementation of such a systen
enable public transport administrators to monitor and swifthspond to potentiaproblems such as overloaded passen
flows, emergencies, and technical issues with transport systems.

Keywords:1oT,ITS systemarchitecture,monitoring,NB-loT

1. Introduction

Every year, the urban population is growing, bothUkraine and around the world (World economic forum 2022),
which leads to aignificant increase the number ofvehicles on theoads. Theapid growth in thenumber ofprivate vehicles
causes traffic jams, deteriorating air quality, an increase in thenber of road accidents, etc. The quality of public
transportation often leaves much to be desired, due to problems with suboptimal routescompliance with schedules, and
overcrowding. The introduction of modern information technologies, in particute Internet of Things (Kyriazis and
Varvarigou 2013), can positively affect the development of public transport systems and make them more modern and
attractive to the urban population.

The concept of the Internet of Things was proposed by Kevin Ashtb®9® to describe a network of physical objects
that are connected to the Internet (Kevin Ashton 2015). Since then, physical devices connected to the Internet have become
part of everyday life.

The application of the IoT concept to transportation systemsluding public transportation systems, is particularly
promising (Sherly and Somasundareswari 2015).

Modern vehicles are equipped with thousands of sensors that allow recording information on movement, technical
conditions, fuel consumption, and the numbef passengers, and detecting anomalies in temk. 10T platforms allow
receiving and transmitting data to Cloud systems, which in turn allows further analysing and building predictive models based
on the sacalled Big Data.

Theanalysiof the accumulaed datacanbe applied(Acevesand Aceve2002;Ryleyet al 2022) tosolvesuchproblems
as:

1) Vehiclemonitoring/tracking.

2) Passengeilow forecasting.

3) Reducinghe numberof roadaccidents.

4) Predictionandpreventionof potential technicalmalfunctions.

Thepurpose ofthis studyisto build optimal systemarchitecture forcollecting andanalysing publitransportationdata.

The system should be easily integrated into exgsystems and should not require additional infrastructure. The proposed
architecture should implement the following functionality:

1 Providepassengersvith reakttime informationon arrivaltimesandroutes.

1 Warndriversof potentially dangeroussituationsin time to avoidaccidents.
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Controltraffic accordingo aroad or weatherconditions.
Monitor the numberof passengers.
Controllingvehiclespeedand compliancewith traffic rules.
Monitoring the technicalconditionof the vehicle.

1 Possibilityof third-party integrations(Providinga publicAPI).

= =4 =4 4

2. Literature Review

Thelnternet of ThinggloT)is asystemof interconnecteddevices thasharedataoverthe Internet. loThas becomen
important technology in various industries including manufacturing, healthcare, agriculture, and smart cities. 10T is used to
monitor and analyse various aspects of transportation, includingclehi drivers, and traffic. IoT systems rely on a complex
architecture that includes various components such as sensors, drives, gateways, and cloud platforms. This literature reviev
focuses on 10T architectures for monitoring and analysing the transpotbs

¢CKS dziK2NB 2F GKA& INIAOES owlkR2y2A0 HAHHU LINRBLRAS
machines by sound signals. Based on the information provided by this system, preventive maintenance can be more reliabl
planned fo a specific rotary machine. This system can be used in any industrial plant with fixed rotational frequency
machines.

The authors (Majid Moazzami et al 2021) propose anblmSed smart transport system architecture that includes
various components. The sgm is designed to monitor and analyse traffic flow, vehicle location, and driver behaviour. The
proposed architecture provides retime traffic management and reduces congestion.

In this paper (Surachet Sangkhapan 2021), the researchers studied thiemrob road accidents caused by public
buses and propose a smart bus management system based -6oTNB

The authors (Amara Aditya et al 2023) propose IoT architecture for a smart parking system that includes various
components includingensors, actuatorgndcloud platforms. Thaeystemis designed to monitor and analytee availability
of parking spaces and provide parking instructions to drivers intireal. The proposed architecture reduces congestion and
improves parking efficiency.

This paper(Kavitha 2022) presents an architecture of netwebased congestion control in a W®ldsed IoT system
and a mechanism for data transmission in an intelligent transportation system.

In general, loBystems ardoecoming increasingly important in theanspottation sector,loTarchitectures araised to
monitor and analyse various aspects of transportation. The proposed architectures providenedtaffic management,
reduce congestion, improve parking efficiency, and reduce fuel consumption.

Inthis article, we will proposethe architectureof the publictransportmonitoringand managementsystem.

3. Materialsand Methods

Thisstudyusesexperimentalandanalyticalapproaches.

Before designingthe systems,a technicaltask was formulated, which describedthe functionality that the system
should implement, as well as its technical characteristics.

Themainrequirementswere:

A. Connectivity

The architecture should have a reliable and secure communication infrastructure that enables seamless connectivity
between the public transport vehicles, infrastructure, and passengers.

B. DataManagement

Thearchitectureshouldbe capableof collecting,processingand analysindargeamounts ofdatafrom various sources
such as sensors, GPS, and passenger information systdaissdata can then be used to optimize routes, schedules, and
maintenance schedules.

C. Realtime monitoringand control

The architecture should support retine monitoring and control of public transport vehicles, enabling operators to
identify and respondo issues quickly. This helps to improve safety, efficiency, and passenger experience.

D. Interoperability

The architecture should support interoperability with existing and future systems, enabling integration with other
transportation systems such as rigkaring and bikesharing services.

E. Security
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The architecture should beesigned with security in mind, incorporating measures to prevent unauthorized access to
data and systems.

F. Scalability

Thearchitectureshouldbe scalableo accommodatduture growth and changesn technology.

In the process of system development, tintial step involved performing a design of the system architecture. In the
next step, researchers selected basic methods of connection and communication. The fundamental technologies and
communication protocols between components and services were asdlyand performance tests were conducted to
facilitate decisiormaking. Also, the input data types and data structures were analysed, which facilitated the selection of
optimal storage and databases. Various solutions and methods such as linear methausuaadnetworks were evaluated
for data processing.

Also,bestpracticesfor microservicesasedloTsoftwarearchitecturewere analysediusingnextpractices:

1) Performancdestingto seeif the softwarecanhandlelargeamountsof data.

2) Security testing tacheck whether the software meets the requirements for data security and protection against

malicious attacks.

4. SystemArchitecture

In this paper, we propose a system for monitoring and managing public transport data based on a classic 10T
architecture. Thesystem can be divided into two par¢sHardware (Vehicle module) and Cloud. The Hardware part is an loT
device that is installed in the vehicle and performs the task of collecting and transmitting data. The cloud part islksponsi
for storing, aggregatig, and analysing the accumulated data.

The above model (Figure 1) allows collect large amounts ofstvalttured chronological data, which is used to train
neural network models to predict the number of passengers on transport routes, as well as mogetslict the likelihood
of an accident. The application of neural networks represents a potent predictive technique that facilitates the gendration o
forecasts grounded on intricate interdependencies.

ML
Service
Vehicie module 2 \S\‘ j
AP|
Vehicie module 3 M Gateway Analytics Dashboard
Service

. Z»

Figurel Generabkystemstructure.

4.1.Evaluation
4.1.1.Hardwaremodule

A hardware module is installed directly in the vehicle and collects and transmits data via the cellular network and
consists of the next components:

A. GPSnodule

This module would allow the transport system to track the location of each leehicreaitime, which could help
optimize routes and schedules, and provide passengers with accurate information about arrival times.

B. Communicatiomodule

A communication module would allow the transport system to transmit data between vehicles, tréatgins, and
other systems, such as traffic management systems or emergency services. This could help improve coordination anc
response times.

C. Sensomodule

A sensor module could include various sensors, such as temperature, humidity, and air qualitg,sehgh would
help monitor the conditions inside the vehicle and at transit stations. This could help improve passenger comfort and safety,
as well as identify areas for improvement in the system.
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D. Paymenimodule

A payment module couldllow passengers to pay for their fares using contactless payment methods, such as credit
cards or mobile payment apps. This could help reduce lines and wait times at ticketing kiosks and provide a more convenien
and seamless experience for passengers.

E. Driverassistancenodule

A driver assistance module could include features such as collision detection, lane departure warning, and adaptive
cruise control, which would help improve driver safety and reduce the risk of accidents.

Information from physicaflevices is transmitted in rediime via cellular networks using the MQTT protocol vialdiB
connection (Figure 2).

Network i : Network :
UART :NB-loT

", AT Command Comm. Protocol . \7

Raspberry Pi 3 Internet

Figure2 Datatransmittingdiagram.

There are various reasons why MQTT (Message Queuing Telemetry Transport) can be an appropriaik fprotoc
smart public transport systems using 10T technology.

F. Lightweight

MQTT is a lightweight protocol that requires minimal bandwidth and is-su#ed for lowpower, resource
constrained IoT devices. This makes it an ideal choice for 10T smart pahbpdrt systems that rely on battepowered
devices.

G. Lowlatency

MQTT supports low latency, enabling rtiaie monitoring and tracking of public transport vehicles. This is essential
for ensuring that public transport systems are running efficiently andime.

H. Scalable

MQTT is highly scalable and can handle a large number of 10T devices, making it suitable for smart public transpor
systems that may have thousands of vehicles that need to be monitored and managed.

. Reliable

MQTT has builin mechanismgo ensure reliable message delivery, even in unreliable network conditions. This is
critical for public transport systems where reliable communication is essential for the safety and efficiency of the system.

The utilization of MQTT in an Kbhsed smart pblic transport system can enhance the system's dependability,
efficiency, and safety by enabling reéahe monitoring and tracking of public transport vehicles while minimizing bandwidth
and power consumption.

Later,after the datais saved microserviceommunicationtakesplaceviathe HT TRprotocol.

In this study, the Vehicle module is implemented based on a Raspberry Pi 2 model B with SIM708TEHNB
module (Figure 3).

Figure3 RaspbernPi2 modelBwith SIM7020E NBT HATmodule.
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The Narrow Bandhternet of Things (NBT) HAT is compatible with Raspberry Pi and can be operatedaesiagAT
commands. It facilitates communication protocols such as LWM2M/COAP/MQTT, among others (Table 1).

Tablel SIM7020BNB-10T Specification.

SIMcard NB-loTspecificcard

Protocols LWM2M/COAP/MQTT/TCP/UDP/HTTP/
HTTPS

Control ATcommandgV.25TERRGPPT27.007 and

SIMCOM AT Commands)
Band FDDLTEB1/B3/B5/B8/B20/B28
Il LX AY 1 XKcHDPpYODL

1
Datarate 526yt Ay KHC OMp
Baudrate 300bps~921600bpE. 15200bpsy default)
Voltage 5V/3.3V

Singlemodulecurrent(VBAT=3.3V):
Idle mode: 5.6mA
Current Sleepmode:0.4mA
PSM mode: 5uA

eDRXnode: 70uA(eDRX=655.36s)

Dimension 30.5mm x65.0mm

NB-loTcanbe a suitabletechnologyfor asmartpublictransportsystemfor severakeasons:
A. Widecoverage

NBIoT has better coverage than traditional cellular networks and can provide connectivity even in areas with weak
network coverage. This is particularly useful for public transpotegys that operate in remote or rural areas where cellular
coverage may be weak.

B. Lowpowerconsumption

NB-loT devices require low power, which means that they can operate on battery for extended periods, making them
ideal for 0T applications like pubti@nsport systems where devices may not always be connected to a power source.

C. Lowlatency

NBloT hasa low latency, meaningthat data can be transmitted quickly, which is crucialfor reakttime trackingand
monitoring of public transport vehicles.

D. Costeffective

NB-loT technology is cosdffective, which makes it an affordable solution for public transport systems that may have
limited budgets.

Overall,the use of NBIoT technologyin a smart public transport systemcan improve the efficiency, safety, and
convenience of the system while reducing costs and increasing reliability.

4.1.2.MQTTBroker

The MQTT Broker acts as an intermediary entity, receiving messages from Vehicle modules (i.e., publishers) anc
delivering them to clients who have subscribed to ligeesuch information (i.e., subscribers).

4.1.3.APIGateway

The API Gateway service functions as a means for storing and retrieving data. Serving as a central point of access,
facilitates entry to stored data, analytics, and neuratwork-derived forecastingputcomes. Additionally, theervice offers a
Public API, which enables integration with thpdrty systems.

4.1.4.ML(Machinelearning)Service

ML service used for building neural network models based on stored data. Machine learning techniques can enhance
the efficiency and efficacy of smart public transport systems via several mechanisms.

Predictive maintenance constitutes a pertinent approach, wherein machine learning algorithms predict maintenance
requirements for public transport vehicles before they feglducing downtime and enhancing system reliability.
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Realtime routing and schedulings anothermechanismwherein machindearningalgorithmsanalysereaktime traffic
data, weather conditions, and passenger demand to optimizertheging and scheduling of public transport vehicles. Such
optimization can reduce travel time, enhancing the overall passenger experience.

Demand prediction is another application, where machine learning algorithms predict public transport demand based
on historical data, weather conditions, and city events, enabling transport authorities to adjust service frequency and avoid
overcrowding or empty vehicles.

Machine learning can also be used to optimize fares by analysing fare data from public transpemssytte
adjusting pricing based on demand and supply, time of day, and other factors to increase revenue. Finally, passenge
behavior analysis using machine learning can enable transport authorities to analyse travel patterns and preferences of
passengersfacilitating the design of improved services that cater to passenger needs and enhancing the overall experience.

In this study, researchers used AWS services to build, train and deploy models. The general architecture is shown ir
Figure 4 (Amazon Web Sares 2022).

5. Amazon
CloudWatch

BT B 9

1. Amazon S3 2. Amazon SageMaker 3. Amazon SageMaker 4. Amazon SageMaker 6. Predictions
Notebook Model Training Endpoint

Figure4 ML Servicerainingprocess.
4.1.5.AnalyticsService

Service involves utilizing datiiven techniques and tools to gather, process, and analyse data from various sources,
such asvehicles, ticketing systems, and passenger feedback. The primary goal is to extract valuable insights and intelligenc
to optimize the system's performance, improve passenger experience, and enhance operational efficiency.

4.1.6.ManagementDashboard

Control panel and data visualization. Allows r¢iahe tracking of the location of vehicles, number of passengers,
technical condition, etc. This dashboard consists of the following parts:

Login pageThis is the first page users see when they want to accessasiebdard. It has a form for entering user
credentials such as username and password and a submit button to submit the form (Figure 5).

Dashboard Home Pagé-igure 6): This page allows select the desired transport unit and gets the necessary
information onit. It contains such information as the current number of passengers, aggregated number of passengers (by
hours), geolocation, etc.

Public transport management system

Hello! let's get started

Sign in to continue,

O Forgot password?

Don't have an account? Creat
Figure5 Publictransportmanagemensystem- Loginpageform.

Settings PageThis page allows users to manage busehérsystem. It will include features such as adding new buses
to the system and routes, editing bus information, and deleting buses. Users can also view the status of each bus,ssuch as i
location and whether it is running or not.

Analytics PageThis pag provide for users performance reports of the system, including critical metrics like bus
utilization, ridership, and revenue. Users can apply filters and export the reports to diverse formats like PDF or CSV.
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Public transport management system 2

Vehicle module N& 12

Today (27 Feb 2023) v/

Current passengers

31350

(30 days) -2.00% (30 days)

D
—

Passengers

Count of passengers

Figure6 Publictransport managemensystem- Dashboardage.

The deployment of the server infrastructure is fast and can be realized with the help of such systems as Terraform or
CloudFormation.

5. Discussion

The proposed system architecture has the potential to provide numelmersefits for transportation operators,
passengers, and city planners. A data management system can providemeahformation on the location and timing of
vehicles. This can help passengers plan their trips more efficiently, reducing wait times seabimg overall satisfaction.

Also such systems can improefficiency by collecting and analysing data, transportatiperators can identify patterns and
optimizeroutesto reducecongestion andmproveservicequality. Withdataon passengedemand,transportationoperators

can allocate resources more efficiently, ensuring that there are enough vehicles on the road to meet demand without
wastingresourcesAlsodata managemensystemcanmonitor vehicleconditionsandidentify potential safetyhazardsbefore

they become a problem, ensuring the safety of passengers and drivers alike. By optimizing routes and resource allocation
transportation operators can reduce costs and increase profitability.

Overall, proposed system can help improve the efficiensgfety, and sustainability of public transportation,
benefiting both transportation operators and passengers.
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6. Conclusion

The proposed architecture allows for the rapid realization of efficient collection, monitoring, and analysitaof da
generated in public transport systems.

The implementation of such a system will allow public transport administrations to track and therefore respond in a
timely manner to potential problems, such as overloaded passenger flows, emergencies, problémtheviechnical
condition of transport systems, etc. It also makes it possible to prqwédsengers with information about thiieme of arrival
and vehicle load in redime, which will allow them to plan their time more accurately and thus make publitsgrart more
attractive. By collecting and analysing traffic data, smart public transport systems can optimize traffic flow and reduce
congestion in urban areas. This reduction in traffic congestion also reduces greenhouse gas emissions, improvirty air quali
and contributing to sustainable development.

The system uses publicly available cellular networks to transmit information, which makes it easy to integrate into the
city's existing infrastructure.
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Abstract The optimistic model of network reliability assumes the nodes to be trustworthy while assigning a
probability to the netvork's connections. For calculating a network's reliability, the persistent condition is usi
guarantee that no two edges have the same failure probability. Accurately estimating the network's reliability acro:
its endpointsis anNPhard problem Thestudy ofnetwork reliability centers on problems arisifrgm topologicalisolation
of individual data nodes. Analysis wétwork reliability spans the phases of building, deploying, and testing a netv
Issues with connection, capacity, and trip time are all metrics used in analyses of computer network reliability.
paper, an Optimal ANN strategy is proposed asemms of assessing the reliability of the network. In this research
analyze the methods used in and findings from recent studies on trustworthiness. The term "Optimized Artificial
Network" (OANN) is used to describe a strategy that takes intouataspects of both neural networks and another w
for measuring trustworthiness. Results avell tested on network of 2*8nodes (mesh network) and hypee network of
n nodes. A network's performangeay beevaluated with thehelp ofthe suggested mdtod, which also contributes to th:
calculation of its cost and reliability metrics.

Keywords:ANN,ANOVABDD CNN PDFmin-batchgradientdescent

1. Introduction

Computer networks have become the primary means of communication hence it is crucidefiate networks
should be developed. In order to determine whether or not the computer network lives up to the expectations set out in its
design, a reliability study is performed on the infrastructure and key components that make up the network. Theydapac
find a design that achieves maximusdiability within cost restrictions is at thieeart ofthe reliability optimization challenge.
Reliability study of huge, complex structural systems, flow networks, computer and communication systems, coherent
systems, series. Due to reliable communication networks, calls and messages should always arrive complete, securely, and
order. Combining also requires weighing constraints like price and efficiency. Another aspect of dependability is the ability
quickly recover from infrastructure or service disturbances. Network dependability may be measured in a number of ways,
including the rarity of failures, the speed with which the network recovers from outages, and its overall resilience. The
potential for longerthan-expecteddelaysdueto unreliablenetworksmustbe considered Methods toimprovedependability
include expanding access to backup paths, strengthening individual network nodes, and improving response times to
disruptions. Communication networksensor technologies, social networks, and other «gatld systems that may be
modelled as stochastic networks rely heavily on network reliability theory (Hesham et al 2021; Baes et al 2022). There are
five mainstays of system dependability: security, afellity, availability, safety, and resilience. Indicators of a network's
dependability or availability, which measure its capacity to carry out a certain task, may be modelled and calculated using a
wide rangeof approaches. Theeliability ofa systemsanumerical rating ohow well it is expected to perfornmover a certain
time frame. Most tools are constructed using algorithms that are minimum path set algorithms or minimal cut set algorithms
(Negi et al 2022; Clark and Verwoerd 2012). Determining nétwaliance via a collection of minimum pathways or cuts is
NRhard, unfortunately. It is illogical to judge the trustworthiness of a communications network solely on the performance of
hypothetically perfect nodes (A2dzQo6 A SiG £  H 1 Hmwdrld §pplikabidnsyof complicatéddnetwosk -désign
structures have provided a major impetus towards solving the maximum dependability challenge in computer networks. The
componentis an object presentin the network. The component performs certain operation in complex network. The
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decision making of a network designing depends upon certain measures in edi@iation of network reliability is one
important measure. For calculating complex and huge designing of a network, the system reliability is required. From the last
four decennary reliability optimization area of research received much substantialilwgtidn. The problem of finding
network reliability of layered or structured is defined as the communication between the network nodes through some
specified path. Alterminal and sourceink network reliability calculations are most common (Khanna aradutredi 2018;

Zhifu Luan 2017). Calculating network reliability uses several approaches. Most of these approaches are simulation o
analytical, requiring substantial computer work. For smaller networks, these strategies are straightforward and successful
(Chakraborty and Goyal 2016; Jaime Silva 2015; Kaushik 2013). Because communicating with every network node is tf
primary goal of reliability, calculating precise reliability in networks of various sizes is fairly difficult. In ordeidt@ bu
successfuhetwork, several elements must be in place to assure reliability, availability, and serviceability (Bhola and Soni
2021; Gupta et al 2015). An important study area has been reliability calculation, and in recent years, significant advance:
have been madeén network architecture to decrease cost and defect. Evaluating reliability is essential to tackling many
difficult realworld problems. To reduce costs and errors, this challeegeires a coseffective, errorfree design. Reliability

is crucial to thedesign of many systems; hence reliability research measurement has made substantial contributions. Here
we provide a more itdepth analysis of the review work that has been done and is being done at the moment in relation to
reliability measurement. In theontext of reliability evaluation of flow networks employing a subset cut and enumeration
approach, has provided a number of methods which are presented for accounting for faulty nodes. Using subset cuts (with
perfect nodes) to determine the legitimate difional subset cuts that imperfect nodes make is the basis of three
independent articles’ methods. Using the suggested decomposition technique, he also introduces a new approach to
enumerating subset cuts. With this method, we hope to forestall the emmrgeof duplicate, higheorder subsets in the
network. The number of internal linkages is what is meant by "order."

W. C. Yeh presented a lesost MCSRSM method for ensuring network resilience. Stochastic network system
dependability evaluation is impontd in system planning, design, and control. Minimizing resource usage and overall cost
while maintaining network stability are examples of raadrld network concerns. Altiparmak (2014) presented a method for
efficient optimization of alterminal reliabilty of networks using an evolutionary approacheite da silva et al (2007)
proposed a method for composite reliability estimation based on MCS & ANN. Xiao (2008) propoEasthamced Factoring
Algorithm to calculate the system reliability. Mangey (Bishtle2021) suggests a productive algorithm for calculating the
network's reliability indices. The authors investigate how the exponentially distributed failure rate can be used to tackle
network-relatedissues utilisinghe universalgeneratingfunction. $waiLin (2018)n a fault-propagation perspective, focuses
on the assessment of complex electromechanical systems' (CEMSSs) system reliability. For the evaluation of system reliabilit
a failure propagation model based on network theory and an enhancédgchimmatic set is first suggested. The system
effectiveness index is built from the perspective of the node to explore the variation in network efficiency. Gaur (2021)
explains the many measures and their mathematical foundations used to assess netwoictbaty. In this overview
research, a number of methods are listed, including State Enumeration, Sum of Disjoint Products, Minimal Cut Set, Factorin
Theorem, Cellular Automata, Subset Simulation, Percolation Theory, Binary Decision Diagrams, arsdl@énmrating
Functions. A new encoding technique for employing neural network models to evaluate the reliability of telecommunication
networks with similar link reliabilities was given by Altiparmak (2009). Iterative algorithms like tabu search otesimula
annealing can be utilized to optimize network designs while taking use of neural estimation's quick processing speed. The
large vector length of the inputs required to express the network link architecture and the sensitivity of the neural network
modd to a particularsystemsizearetwo majorissueghey hadidentified with earlier methodsof employingneuralnetworks
to model systems.

Anuradha, Clarke R N, Khanna G states that finding reliability in diverse anecdotal networks islarm ldRoblem
(Anuradha 2020; Clarke 2014; Khanna and Chaturvedi et al., 2019). The modeling of wireless reliability differs from that of
conventional networksln compared to a wired network, reliability modelling is different (Gupta 2013; Rahman et al 2021).
Most of these methods involve repeated simulations, which is computationally expensive for highly rising and ‘saz&ble
growing networks. An enhanced neural network technique improves accuracy and efficiency. The goal is to construct a cost
effective, dependale layered or structured network. The study uses iterative-batch gradient descent neural technique
highly growing network.

2. Statementof the problem

The Calculation of the network reliability or the probability of failure, of a dynamic system unideaan condition is
most important and challenging problems in reliability engineering. The primary goal of the paper is to develop an algorithm
that utilizes a highly reliable layered network so that the overall system can have a low cost and fadlheapgimary goal
of the paper is to develop a system design that satisfies high reliability requirements while minimizing implementation costs
A network grapfO= (0, 0, 0) shows interconnection between nodes through links with link reliability. Netwo
reliability is defined by:
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0'@a"AW(NEQAVD) Yo (1)

Where,
®W= (2,8 ,0@8 0y 1)
Yo = ("Yo1,8 02,8 Yop)

Assume thafQbe a subgraph™@P "Q of the network. The modéD) 4 is considered as Damage model assigns the
probability thatthis subgraph occurs. The link failure model is considered with the probability that all thedicksnfrising
the subgrapharein functionalstateandall remaininglinks(0 in the network are not. Nowwhether subgraph'Qfunction
n ("Qwhich returns 1 or 0 mean¥is operational or not. Aim is to design a computer network by selecting a subgraph from
growing networks with high reliability and minimum cost. Reliability is defined for a big size network is as follows

Y@ = By Bew Oudm(2)

Henceyeliability and costwill be crucialwhendesigninga highlyscalablegfficient, andfault-tolerant network.

The challenge is to prepare a stag of completwork using ANN by comparing the results with MCS, MES and
GAmethods with randormand heuristic linKNasimNezamoddini 2015Chakrabortyand Goyal 2015toannis2015).ANNs are
powerful datadriven models that have been developed that are often u@dthe dynamic modelling and characterization
of nonlinear systems due to their flexible structure and ability to mimic any sophisticated nonlinear behavior (Shyamala SRD
2022; Sajja 2021).

Comparedo previousalgorithms the proposedtechniqueenhanceseliability and reducesC(Xfor meshnetworksof
28 nodesandhypertree networksof n nodes.Theproposedalgorithmisformerly statedas:

Input used for training algorithm is gathered by improving upper bound and lower bound value of network with a
special numerical value called weights which can be positive or negative. The network reliability significantly gets improved
by upgrading existing method. There aniecumstances that the literaturerork does not attempt to explore, despite tHact
that analyzinghe manyreliability estimation techniquebas discovered that certaimpproach may affeateliability estimate.

No conclusions caloe drawnabouthow other reliability estimators wilperformunder similar settings frorour findings. The
findings we've gotten so far are the product of an extensive set of parameter tests. Consequently, the performance network
reliability estimate in terrain situations should be tested in further research. We investigate and use a number of known
approaches for egthating dependability, including the Monte Carlo System, Particle Swarm Optimization;Qvitgtiion
Search, and Artificial Neural Networks.

3. Methodsfor the evaluationof reliability:

3.1. Multiple ProbabilitySimulationmethodfor ReliabilityEstimation

Multiple Probability Simulation or Monte Carlo Simulation is a mathematical technique worked with the principle of
random variable "0 y)for modelling risk or uncertainty of a system. Th® ; or inputs are modelled on the basis of
probability distributions. These Networks are from the probabilistic network. MCS work on the following principles

MCSusesBFSechnigueto determinethat thereisadirect path availablebetweenthe nodes.
The fraction of sampled networks in which there exisfzath between the two nodes is an approximation to the
exact network reliability.

The exact estimation of network reliability for a stochastic network ishBifd. Following are the recommendation
while using MCS technique

AllMPs/MCsf the systemmustbe knownin advancgChakrabortyand Goyal2015).

To reduce exact calculation, the simulation technique was introduced to estimate the systemreliability of a
stochastic network.
Priorknowledgeof network seriesis musteither seriesor parallel.
Variousdistribution methodsareappliedon the network components.
MCSalgorithmis one of the more efficient, optimal approachedor estimatingnetwork reliability.
Assumptions
1. Networkarcisperfectlyreliable.
2. Networknode,andthe systemis either operativeor havefailed.
3. Failureistotally stochasticallyndependent.
4. Maintenanceof nodeandarcis not considered.
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Algorithm 1: MCSAlgorithmfor ReliabilityEstimation.

MCSAlgorithm for Reliability Estimationfor variable sizenetwork
Stepl: Startand Preparethe data Setfor Simulation.

Step2: Simulateallthe elementbasedon to its lifetime distribution
Step 3: Set Life time for linkand for node n with

0@ 0 ' QO'Q(0)

Step3: Calculatehe life time of eachvariableandapplyin anarray LTA[N],
Step 4: Sort the Array LTA [] in ascending order.

Step5: Recordeachfailureinstance(t) andarrangein chronologicabrder.
Step5: Calculate the network lifetime reliability(0"Q) by the formula:

MOQ) =B tad Ve 0e0vin(o)

Calculatét for i=0to n instances
Step6: Calculateghe Varianceof network lifetime reliability by the formula
0Q(0z 1 0Q
WQ) = -
0
Step7:Storethe resultsin individualarrayof sizeN.
Step 8: Stop Algorithm.

The implemented algorithm1 determines the lifetime reliability (as shown in Figure 1) distribution on mesh and hyper
tree network. Thesimulation results wilbe calcubited after0 trials times. Theesults shown Tablel, significant decreasia
I'Y(0"Q) for increasing and variable networks.

Tablel 'Y(0'Q) of MESHY(E Q(0"Q) of HyperTree.

t "Y(0"Q) of MESH Y(0'Q) of HyperTree
0.10 0.9998 0.9989
0.30 0.9997 0.9997
0.40 0.9992 0.9994
0.57 0.9992 0.9992
0.72 0.9988 0.9987
0.87 0.9990 0.9990
1.02 0.9981 0.9979
1.17 0.9877 0.9975
1.32 0.9875 0.9974
1.47 0.9866 0.9966
1.62 0.9854 0.9965
1.77 0.9847 0.9963
1.92 0.9834 0.9960
2.07 0.9828 0.9958
2.22 0.2456 0.9951
2.37 0.2412 0.9947
2.52 0.2402 0.9876
2.67 0.2401 0.8901
2.82 0.1678 0.8345
2.97 0.1672 0.6789

Life time Reliability Estimation For Variable Network

1.2

1 —

0.8
0.6
0.4
0.z

o
0.1 03 04 057072087 1.02 117 1.32 1.47 1.62 1.77 1.92 2.07 2.22 2.37 2.52 2.67 2.82

e Mesh Network Hyper Tree Network

Figurel Lifetime ReliabilityEstimationfor VariableNetwork.

1. ParticleSwarmOptimization(PSOethodfor reliability estimation:
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PSO is an optimization technique proposed by W. Yeh, Y. Lin (Kaushik 2015).It is based on population and now it |
most commonly used optimization techniques. It makes use of a number of potential solutions tptin@zation issue.
Each remedy is referred to as a particle, and the aggregation of these particles at each iteration step creates the swarm. I
works on both deterministic and stochastic update rules along with fitness functions. PSO search for gptipdabng
generations (iterations). Its work on the principle of population of moving particle. The first particles are drawn stadlyasti
toward the positions of their own previous best performance and the best previous performance of their neighétales 2
shows Adjacency matrix for the graph.

O(wm) = +d{00m Og+ JBw o (6)

Denotes the velocity of the particles adgpdenoted the position vector of the particle8d-gqDenotes the local best
value and@ g denotes the global best value.

bp=+ 0(0m  (7)

HowPSO solve the problem of Reliabili30 solved problem by havinga@pulation ofcandidate solutions andach
particles have their local known best position search space of algomti&ns the range in which algorithm compute the
optimum control values and if the optimum control value of any particle exceeds in the searching space, then we will re
initializethat value.Algorithm2 gives theAlgorithm forReliability EstimatiorFigue 2 shows theArpanetGraphof 20 Nodes.

The complex equations are a result of having many unknown parameters, complex equations take longer to solve, and
numerical methods are no longer sufficient to solve such problems and traditional approaches wirguate for tackling

complicated issues so reliability estimation turned to the particle swarm optimization technique. PSO approach does not
require prior knowledge of the precise or approximate reliability functions.

Figure2 ArpanetGraphof 20 Nodes.
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Figure3 Adjacencymatrix for the graphshownin Figure4.
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Algorithm 2: Algorithmfor ReliabilityEstimation

PSQAlgorithm for Reliability Estimation
Stepl:Selectanetwork of N nodes.
Step2: Assumea weight associatéor the link. Weightmeans humbenpof datapackets delivered by
the source node over the link.

Step3. Assumea transmissionbandwidth and utilization of data has been used as the main
parameter for calculating the reliability of the links.

Step4: Nodesare assumedo befailurefree.

Step 5: Reliability of graph is calculated by

0i ("0ai,9) 7 4 01 (M0ax(i,0)

ES

"VHoe REMI 66 ' DETVRLEQE "QEME 6G ¢ "R
Step6: Calculatethe reliability matrix usingthe node-pair reliability values.
Step7: Findthe mostreliable path betweenanyorderedpair andrecordit,
Step 8: Record the link throughput of the network.
Step9: Recordthe fuzzifiedvaluesbasedon the relation.
Step 10:Updatethe pbest, gbest, velocity, and position @fich particle based on function @&hd
(7).
Iteration Number=iterationNumber+1.
Stepl1l:If the maximumiteration Number>threshold,then stop; elsegoto Step2.

ComputatiorResults:

Although it shows dower computing cost, the best solution might not be found. When the confidence level is high
(around 1), it is more difficult to reject the hypothesis testing and less likely that the best option will be abandoried3 Tab
shows deviations and no. of swss and no. of failure.

Numberof particles20

Max position 1

Min position0.6

Iteration 100

Cognitivefactor 0.8

Sociafactor0.8

Simulation1000

Hypothesidestingsimulation50

Table2 Five set®f deviationsandno. of success.

LB uB Deviation Time No of Success No of Failure
Setl 0.921 0.931 0.004 45 160 12
Set2 0.920 0.930 0.005 235 159 450
Set3 0.921 0.930 0.004 18.0 429 70
Set4 0.908 0.930 0.010 23.8 - -
Sets 0.929 0.930 0.000 2.2 - -

MCSPSO method for reliability estimationWe haveproposed to combo algorithm consist of MCS and PSO to
minimize the cost under reliability constraints as shown in Algorithm 3. Figure 5 shows the Reliability estimation using MCS
PSO. Combo algorithm is an integration algorithm for solving the problesiiability estimation.

Algorithm 3: stepof MCS PSQAlgorithm

MCSPSQComboAlgorithm

Stepl: Selecta Networkasper stepof PSQAlgorithmstepl1 and2.

Step2: EachParticleis assignedvith lower boundvalueon reliability of component.
Step3: ApplybasicMonte CarloSimulation usedor finding systemreliability Y ("Q.
Step 4:

Y ("9 ")

Implementfor eachparticle.
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Else
Uselnitial valueof O 2 Y LJ2 yr&ighilit &

Step 5: Thei™ dimension valuewill be based on hash functié®o= 0.35 x (p &Y+ (g
Step 6: Apply Monte Carlo Simulation is applied to obYa{fiQ.
Step7:Calculatehe costd (&) of link whichsoldbe minimum

Y. (9 M)

Step8: Thevalueof link dimensionmustbe equaltoOg andgoto step?2.

Strength:

1. Thereliability functionsare not needto be knownbefore usingthe comboapproach.

2. TheMCSalgorithmisthe soleone usedby this Comboalgorithmto calculatethe reliability for acertainparticle.

3. The proposed Combo solves the challenging network reliability optimization problem while overcoming the limitations
of conventional algorithms.

Weakness:

1. Requiredmore computationaltime for simulation.
2. Little bit highin complexityevaluation.

ComputationResults:

Table3 RandomandHeuristicvaluecalculationat reliability value R(x).

R(X)=0.9. R(X)=0.9° R(X)=0.9¢
R/ Hy R/ Hy R/ Hy
1 1199.67 1171.29 1209.96 1175.76 1201.25 1180.27
2 1199.74 1171.29 1204.65 1178.65 1201.65 1183.34
3 1206.66 1173.96 1202.27 1179.96 1205.65 1185.54
4 1203.56 1171.95 1201.68 1186.45 1203.45 1186.65
5 1214.78 1171.68 1213.65 1188.54 1202.45 1181.45

1220
1210
1200
1190
1180
1170
1160
1150
1140

RV HV RV HV RV HV
R(X)=0.93 R(X)=0.97 R(X)=0.99

m— Série] SérieZ Série2 Séried e Sériet

Figure4 ReliabilityestimationusingMCSPSO.
2. MeticulousMethod BasedANNApproachOROANNApproachmethodfor reliability estimation:

Exact evaluation of growing sized networks can be done with the help of Neural Network. Network designing is done
by examine the uppebound value and this designing is proposed in our paper. Optimization design of artificial neural
network training is proposed in our previous paper [32]. Artificial Neural networks technique is inspired by the functioning of
biological neuron. If the system (series/parallel) has a failure rate of each module at time t=1 of 1.5, 2, 2.5, 3,3.5n4, 4
5, the failure rate's graph is as follows:
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[ y 8 12 16 20 410 2sec
Figure5 ShowdFailurerate at time intervalt.

Tobuild anideal desigrof anetwork, whichis a variableandincreasingsizenetwork, and toexecute costlycalculation
in order to evaluatenetwork reliability, the two approaches shown in Figure 6 are the meticulous technique and the
extended meticulous methoctdased ANN approach, respectively. The idea of using ANN training to check the upper bound is
also offered. Algorithm 4 demonstratesn@ethod for defining models. The method is broken down into two distinct phases:
configuring the experiment and determining where to make adjustments. When training an ANN, the process is repeated

until the criterion is met.

Algorithm 4: Definingmodels:

#Definingthe Model
Step 1: Design a best fitted network.
Step2: Network Input to the ANN
Step3:iInput no of hiddenlayerto ANN

Q=T
Step4: Input learningrate(] ) to ANN

Step2: Preparethe OrthogonalArray.

#Setup of the modeland initial value for the following mustbe assigned
connectionweightq0),

learning ratd| )

Tolerance Parameter

Calculatinghe lossfunctionbetweenpredictedActualValues

Optimizingthe predicted values

Calculatinghe Accuracymetrics

Design an Orthogon&rray.

Setup of the neural network Parameteralong parallelly with orthogonalarray.
# Setup the statistical Method technique using ANOVA method.
Somemore significantparameterssuch as adaptive learning rate, convergencerate,
network topology with highupperbound for reliability are chosen.

© @ ® ®

Find Maximal Flow and

Prepare the Network Shortest Path Matrix, Generate Alsinats
Using Phase 1 > Adjacency Matrix, Incident > plr

Matrix ASKIE:

Input a network

where >
256SN<572

@ ® @l

Calculate the Approximated
Use Neural Network to Train the Reliability Bound with LB and Identify All Minimal Cut Derive the Matrix for
Network - Min Batch Gradient <«———— UB for the Network System <«— & Minimal Path for the «— Shortes Path and

—> Descent technique network of Step 2 Alternate Path

l ® ®

Add 2 D 1al the Node
o| » Spectrum Value with ——— Reliability N(x) smmmnd  Calculate Ervor
ANN Link Rellabllity L(x1,x2)

8Q000000

o PSO Sompasane s if Reliability >=
End of the Results of All .« Relianuiy =8
== [ ssewnes | e
ANN No

Figure6 ExtendedMeticulous MethodBasedANNApproach.
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Over one thousand simulations are used to validate the algorithm's output. Links factors and reliability are displayed
in Figures 7, 89, 10, 11, and 12. Mean absolute error (MAE) and toeainsquared error (RMSE) are measures of how
much of a gap there is between Monte Carlo and ANN estimates of the network's reliability. Table 6 provides reliability
estimation utilizing existing one drOANN, while table 5 shows the reliability for data sets.

Figure4 Reliabilityfor DataSetl and Set2.

Reliability for Data Set 1
Network 0.80 0.85 0.90 0.95 0.99
850 850 850 850 850
Reliability for Data Set 2
Network 0.80 0.85 0.90 0.95 0.99
850 850 850 850 850
FixedLinkReliability _CVOutcomes
Node=50 & Edges=1225
DataSet1 RM SIS
Initial fit data Holdout data Upperbound
| 0.0326 0.04201 0.07272
li 0.03337 0.03937 0.07034
lii 0.03279 0.03995 0.06863
Iv 0.03465 0.03935 0.07301
Y 0.03377 0.03603 0.06307
Average 0.033436 0.039342 0.069554
FixedLinkReliability Estimation
DataSet2 G=(50,1225)
RMSE
| 0.04505 0.05279 0.07661
li 0.03722 0.04815 0.08575
lii 0.03876 0.04036 0.07011
Iv 0.03858 0.04001 0.07169
Y 0.03852 0.04776 0.07796
Average 0.039626 0.045814 0.076424
Fivefold Crossvalidation Resultsfor FixedLink Reliability
FixedLinkReliability Estimation
DataSetl G=(50,1225)
RMSE
Initial fit data Holdout data Upperbound
| 0.04774 0.06066 0.09277
Il 0.04944 0.05041 0.08848
n 0.04966 0.05425 0.08439
\Y 0.05056 0.05248 0.08362
Y 0.04857 0.05725 0.08916
Average 0.049194 0.05501 0.087684
FixedLink Reliability Estimation
DataSet2 G=(50,1225)
RMSE
| 0.05152 0.06059 0.09947
li 0.05247 0.05788 0.09095
lii 0.05132 0.05777 0.09979
Iv 0.05123 0.05858 0.09379
Y, 0.05144 0.05959 0.09813
Average 0.051596 0.058882 0.096426



https://www.malque.pub/
https://www.malquepub.com/multiscience

Talujaet al. (2023)

10

Optimized ANN Plot for Fixed Links
600
2 500
-8
3 A
2 17\
& 300 o—All
w
g 200 el Train
5 100 —be—Test
o
= (0]
E R Net-R Avg. Abs. Max. RMS Accuracy Conf. Records
Abs. (20%) Interval
(95%)
Figure7 OptimizedANNplot for FixedLinks.
OptimizedANNPIlot for VariableLinks
5 60
o
g 50
2
B 40
T
& 30
n
2> 20
o
o 10
z
< 0
All Train = Test
Figure8 OptimizedANNplot for VariableLinks.
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Figurel0 ExtendedVeticulousMethod BasedANNApproach.
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Table5 ReliabilityEstimationusingexistingAlgorithm (MCSPSO).

Assessingreliability Usinga ProvenMethodology OAND
(MCS, PSO)
Reliability of MESH Reliability of HyperTree ImprovedReliability of ImprovedReliability of
Hyper Tree MESH
0.9998 0.9979 0.9999 0.9999
0.9997 0.9998 0.9998 0.9998
0.9995 0.9996 0.9997 0.9997
0.999 0.9988 0.9989 0.9989
0.9988 0.9987 0.9985 0.9985
0.9983 0.998 0.9974 0.9974
0.998 0.9975 0.9957 0.9957
0.9877 0.9972 0.9974 0.9974
0.9872 0.9971 0.9972 0.9972
0.9862 0.9969 0.9971 0.9971
0.9855 0.9966 0.9970 0.9970
0.9844 0.9963 0.9965 0.9965
0.9833 0.996 0.9960 0.9960
0.9827 0.9958 0.9955 0.9955
0.2455 0.9951 0.9964 0.9964
12
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Figurell Reliabilitymeasuredor RN(t) of HyperTreeVsOANNapproachfor RN(t).
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Figurel2 Reliabilitymeasuredor RN(t) of MeshNetwork VsSOANNapproachfor RN(t).
4. Conclusion

This paper presents alternative approaches for calculating reliability in growing computer networks, so that a tolerant
of failure system with maximized reliability with minimum cost is constructed. This paper presentso$dh@ealternative
methods for estimating reliability computer networks such as MCS method andR8CSmethod and results are compared
with optimized neural network approach. Following conclusions states effectiveness of optimized neural network approach
when it is compared with MCBSO and MCS methods are as follows:
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1. A new Monte Carlomethod known as MCSPSOfor estimatingreliability in a complexnetwork systemwithout
knowing the Minimal path and Minimal Cuts in a given grapbdsjorming Activity on Arc and Activity on Nodes.

2. The MCSPSOmethod computeslength and dimensionsof the links in a network systemand in repeated
calculations it finds expected reliability and overall reliability in a given system.

3. The MC$S0Osystem malel works perfectly for simple network model for evaluatingreliability, but, evaluating
reliability in a complex growing network requires lot of effort and time which is equivalent foaxdR
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Abstract In data migration between different types of NoSQL database, data may not be directly transferred

targeted database in compare to migration of data between the same types of database. This is due to the heterc
of storage paradigm of the NoSQLtalzases. For example, migrating data from a documentented database such &
MongoDB, which stores data in Json (Java Object Notation) format to Neo4j, aayrapted database stores data i
Yy2RSI G(GKS RAFFSNBYyOSaA [ Y2y 3Areduikes difdrenRrepiekentatianSod data madel Mt
targeted graphoriented database. This paper proposed a sequential approach to migrate data from MongoDB to
The approach migrates MongoDB data to Neo4j and verifies the migrated data usingparative method. The paper
discusses on the migration algorithm and how complex field in MongoDB such as nested document is presented i

Keywords:datamigration,NoSQldatabaseMongoDBNeo4j,sequentialcomparison

1. Introduction

Graphbaseddatabase is onef the NoSQL type databases that stores dataddes. Another type of NoSQL, which is
the documentbased database stores data in Json foffine transfer of data between the two types of databases may be a
straightforward, direct record taecord transferring due to the heterogeneities of storage paradigm among the databases.
This paper discusses the algorithm on data migration from MongoDB; a docuiriented database, to Neo4j; a graph
oriented database.

2. DocumentOriented Databasesind GraphOriented Databases.

Document oriented NoSQL saves data using JSON or BSON. A key value set is used to identify ddemments.
documentoriented database, searches may be conducted using both the key and the value. The graph database stores dat:
as nales connected by edge$heedgeillustrates theconnection between nodes. Theigapointer inthe nodes thatdirects
to the subsequent nodes (Swaroop 2016). Table 1 shows some summary on storage architecture for the two types of
database (Zafar 2016)

Tablel Summaryon datamodel ofdocumentandgraphdatabasegZafar2016).

Typesof NoSQL DataModel Strength Weakness Example
Document Groupsof relationships Tolerateon incompletedata. Donot havestandard CouchDB,
oriented betweenkeyvalues querysyntax. MongoDB
Graphoriented DataNodesc & t N LJE  Applygraphalgorithmg identify Difficultin clustering, InfoGrid,
DNJ LI ¢ shortestpath, connectedness. traversewhole graph. InfiniteGraph

3. DataMigrations

The process of transferring data from odata source to another, such as from one database to another or within the
same database, is known as data migratiéior NoSQL databases, there are differences (Dharmasiri and Goonetillake 2013)
among these databases and the differences are:

1 Eachtype of NoSQLdatabasehas its own data model, i.e. data model is different among types of NoSQL

databases.

1 Implementationis different evenfor the NoSQldatabasesvhichhasthe samedatamodel.

9 Differencequerylanguage

1 Supportingdifferent featuresof CAP
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1 Applydifferent modelof consistency

In the migration of data between NOSQL databases may requiresahsideration of the heterogeneities of the
RFEGF o6l &SaQ InRdpropriateYiesigrSdf data model in the target database may not be able to support the data
schema from the original data source and will affect the integrity of ddthis paper discusseon the migration of data
between different types of NoSQL with the objectives:

Objl:Examinghe sequentialalgorithmthat migratesdatabetweenNoSQIldatabases.

Obj2:Examineadataschemaof the targeteddatabaseto supportdatamodelof the originaldatasource.

4. RelatedWorks

Data migration between diverse databases was studied and methods were developeden@mnd conversion
between the old and new schema fields is possible with the lazy migration strategy. The period of time the application is
offline will be reduced as a result of this (Klettke 2016) However, in terms of managing the application's code, this technique
will create a load on the developers. Another solution, which uses slow migration but reduces developer load, isolates
migration compnents into a database library, allowing apps to access data normally (Saur et al 2016) With the assistance of
a decision tree, a technique called Build Schema Profile (BSP) was proposed for detecting schema differences betwee
database instances. This & schemdess documenbased database approach (Gallinucci et al 2018) for the goal of
transferring data between multiple columnar databases, a data migration system was suggested and implemented.
Heigira4Cloud transforms data into an intermediate formeafdse converting it to the destination databases (Scavuzzo et al
2014) the migration mechanism was improved by the authors by adding fault tolerance and support for several database
types. Data migration issues, such as duplicated data and data lossetaetedl by these fault tolerance characteristics
(Scavuzzo et al 2016).

5. ExperimentConfigurationsand execution
5.1 ExperimenSetup

The experiment is performed on a single machine with databases run as local seMaegDB 4.2.3 is selected to
representthe documentbased database and Neo4j 3.5.18 is representing glsded databaseThe databases are run on
different ports; MongoDB service is run at local port 27017 and Neo4j service is available at port 7474. The dataset from is
curated list in GitHo which contains fourteen collections @é§on/Bson files (Ozler 2019) Within tioeirteen (14)collections,
the Companie<ollection will be used. Th€ompaniegollection consists of 1583 documents where each document consists
of thirty-eight fields. Thdields within theCompaniesollection are from simple data type field to complex data type field.
Simple data type field contains text data, numbers, datalphanumeric data. Whereas complex data type field may contain
nested documents, nested arragrray of document and et ceteraThe schema oEompaniegollection is depicted in Table
2.InTable2,the mixeddatatype representsthe field containsdifferent typesof datain different documents.

Table2 Shemaof Companiegollection.

Field Type Field Type

_id Objectld deadpoolead_year Mixed

name String tag_list String
permalink String alias_list Mixed
crunchbase_url String email_adress Mixed
homepage_url String phone_number Mixed
blog_url String description Mixed
blog_feed_url String created_at Mixed
twitter_username Mixed updated_at String
category_code String overview String
number_of_employees  Mixed image Mixed
founded_year Mixed products Array
found_month Mixed relationships Array
founded_day Mixed competitions Array
providerships Array milestomes Array
total_money_raised String video_embeds Array
funding_rounds Array screenshots Array
investments Array external_links Array
acquisition Mixed partners Array
acquisitions Array offices Array
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_id: ObjectId("52cdef7c4babgbd675297d91")

permalink: "geni" A
crunchbase_url: "http://vaw.crunchbase.com/company/geni
homepage_url: "http://www.geni.com"
og url: "ntip://blog.geni.com

blog_feed_url: "http://blog.geni.com/index.rdf"
twitter_username: "geni"
category_code: "web”
number_of_employees: 18
founded_year: 2686
founded_month: 6
founded_day: 1
deadpooled_year: null
deadpooled_month: null
deadpooled_day: null
deadpooled_url: null
tag_list: "geni, geneology, social, family, genealogy”
alias_list: ™"
email_address: ™"
phone_number: ""
description: "Geneology social network site"
created_at: "Thu May 31 19:52:34 UTC 2007"
updated_at: "Wed Oct 10 14:81:29 UTC 2012"
overview: "<p>Geni is 2n online comm_unitv of casual and expert genealogists worki..."
image: Object
v available_sizes: Array

v @: Array

v @: Array
0: 150
1: 60
1: "assets/images/resized/@000/1945/1945v1-max-150x15@.png"
> 1: Array
> 2: Array

aEEI‘lBUElOn: null

products: Array

> relationships: Array
> competitions: Array
> providerships: Array
total_money raised: "$16.5M"
~ funding_rounds: Array
v @: Object
id: 6
round_code: "a"
source_url: ""
source_description: ""
raised_amount: 1566000 C
raised_currency_code: "USD"
funded_year: 2007
funded_month: 1
funded_day: 1
> investments: Array
> 1: Object
> 2: Object
investments: Array
acquisition: Object
acquisitions: Array
offices: Array
milestones: Array
ipo: null
video_embeds: Array
screenshots: Array
external_links: Array
partners: Array

v v v v v

v v v v

Figurel SampleMongoDBdocument.

Figure 1 depicts the sample of MongoDB document. Figure 1 shows different field types in a document, for example,
fields highlighted in Are simpletype field which stores only onealue in each field, however for highlighted fields ireBd C
are complex field type, B indicates a nested array and C shows an example of objectwaguer, each document does
not have a standard structure (schema) within the same collection.

5.2 Migration Algorithm

From the structure of data field in MongoDB, due to the rsbatic structure of MongoDB document, it is necessary to
knowthe structureof all documents and fields. Therefore, thesearch applies eecordto-record method to migratelata to
Neo4jdatabase.Figure 2 depicts the migration algorithm with a flowchart diagram.
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End of <
Collection?

Analyse Document Field

Query()

Create Node

l

Create RelationShip

Match value

!

Figure2 Migrationflowcharts.

The migration process intends to transfer data of a collection in a rewerdcord (in this case, documetu-
document) bass. The algorithm starts by access the first documenihen, each field within the document will be analyzed
for its type. The purpose is to detect the necessity to create additional node for the figid.is due to the different data
model supported byNeo4j, for example, Neo4j does not support nested nodes, and therefore for field type such as array of
object, a separated node needs to be created to represent the nested fiedd.simple data field such as test, numeric,
alphanumeric, simple array, théeld will be migrated as a property of the target Neo4j node. The nodes are created under
Neo4j labelCompaniesHowever, for complex data type field, extra nodes will be createat. example, théunding round
field in Figure 1; it is an array object in which each element in the array is a documerherefore, each element in the
array will be migrated as a node In Neo&ince the node is created to represent the complex field, a relationship will be
created to indicate the connection betweendes.

The creation of node in the algorithm is performed by first generate the Cypher Query Language (CQL) string. This i
performed by calling the functio@enerate Subquery. (Jhe CQL string will be executed to create the intended Neo4j node.
After allrelatedy 2 RS& F2NJ GKS O02YLX SE FASER | NB ONBI (i SRI&dXKBKONES
node means the node that represent a document and consists of those simple field type as prdpetis experiment, a
Y20 KSNE vy 2 RSomphdiedhBuméhy/aindithe child nodes are the nodes that represent the complex field in
MongoDB document! NBf I GA2yaKALI yIFIYSR al ! {{!.¢é& oAttt BherefddeNihd (SR
algorithm is creating relatedodes for a singldocument first, then, create the node for the document itself and link these
nodes together.The process will repeat until all documents are migrated.

When all records are migrated, in the match value process, a comparative method is applied to \addiatzify the
migrated data based on the data origifThis is performed by matching the content value of each node with the value in
MongoDB collection. The algorithm of the comparative method is depicted by flowchart in Figure 3.

No
If Not End
of Record

Yes

Analyse Field Yes

Is Complex
Field ?

No

Compare Field

v

Figure3 Algorithmfor recordvaluematching.
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As depicted by Figure 3, the algorithm starts by retrieving the documents in the Mon@o@Baniegollection. The
related nodes will be retrieved from the Neo4j according to the collection name, that is, modles Companiesabel will be
retrieved. Each field from the Mongo document and Neo4j node will be compared. If the field is a complex type, then the
relatednodes willeb retrieved and thecomparisonprocesswill be started again. Thecomparison oprocesdinished afterall
records are comparedThe comparison result will be written to ti@heckLog.txfile.

6. ExperimentResultand Discussion

The migrated data is viewed by using the Neo4j client browser interfabe. labels are retrieved by using t€L
02 Y Y I MaRh (@)return distinct labelgn), count(n)¢ Theseabels arethe results ofmigrating complex fields thdead to
the creation of additional nodes in new labétigure 4 shows parts of the returned labels and the number of nodes frem th
command. The highlighteGompaniedabel consists of those nodes which contains the simple field data as it is in MongoDB
before migration. Other labels are the result of migrating complex fielBor example, thefunding_roundslabel, in
MongoDBijt isanobjectarrayfield. Whenthe fieldis migratedto Neo4j,anode iscreatedfor each object elementinderthe
label has the same name with the field name.

MATCH (n) RETURM distinct labels(n), count(n)
== ['screenshots”] 962
Table
iy ["external_links"] 1359
— ["company"] 3358
=l
["funding_round"] 1266
["Companias"] 1583
["provider"] 386
["providerships”] 386
["video_embeds"] 1029
["acquisitions"] 1785
["partners"] 25
Started streaming 25 records after 70 ms and complet

Figure4 Neo4jlabels.

In addition, from the highlighted part in Figure 4, it shows that thltmodes inCompaniesabel are 1583, which is
same as the total document i@ompaniegollection.

Next, the research proceeds to read tiheckLog.txfile, which consists of the comparison resulSigure 5 and
Figure 6 shows parts of comparison resutsm the file. From the comparison result, it shows that the values between
MongoDBdocuments andhe related Neo4jpodes are mappedTo furtherproveon the algorithms, samplesf records form
MongoDB and Neo4j of matching result.

Now checking the following record :

Document ID:5Zcdeflcd4babBbde752974d8a

The node and its subnode (s) mapped are :
1611159 1611160 161116l 161116eZ 1611163
1611177 1él1178 1611179 1611180 1el11181
1611203 1€l1204 1611205 1e11206 1&11207
1611223 1€ll1224 1el11z225 1ellzz2e 1€112z27
1611241 1ell242 1611243 1611244 1€11245
1611259 1é6ll1260 16llzel 16l1llz2eZ 1€11263
8 Start Checking fields.....

=1 oy LA =

LnownoLnoonon

(W ]

Figure5 Connectechodesmappingresult.
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110 Source field value (Document) twitter username = BachelrWetpaint

111 Target property value (Node) twitter username= BachelrWetpaint

112 Result : Matched

113 Source field value (Document) name = Wetpaint

114 Target property value (Node) name= Wetpaint

115 Result : Matched

116 Source field value (Document) deadpooled year = 1

117 Target property value (Node) deadpooled year= 1

118 Result : Matched

119 Source field value (Document) updated at = Sun Dec 08 07:15:44 UTC 2013
120 Target property value (Node) updated at= Sun Dec 08 07:15:44 UTC 2013
121 Result : Matched

122 Source field value (Document) founded year = 2005

123 Target property value (Node) founded year= 2005

124 Result : Matched

125 Source field value (Document) id = 52cdef7c4bab8bd675297d8a

126 Taret property value (Node) id= 52cdef7c4bab8bd675297d8a

127 Result : Matched

Figure6 Samplemappingresult.

Figure 5 shows the matching result of the nodes that were created for the Mongo document which id is
52cdef7c4bab8bd675297d8arhe list of numbers represents the connected nodes id in Ned#e list of node id is
generated by executing the CQL command that retrieve all connected nodes to the node whait pineperty is similar to
the document id. Thisoid property (field)of anoderepresents theMongodocumentid in Neo4jwhich isusefor relationship
purpose. Figure 6 depicts portion of the matching result of each field.

To further verify the result generated by the matching algorithm, sample recarelsselected from both MongoDB
and Neodj.Figure 7 and Figure 8 depict the selected fields/properties on the sample document and node respettieely.
fields/properties showrin Figure7 and 8 arethe simple fields.Thevalues depictedy Figure7 and Figure8 are similarto the
value depicted by Figure 6.

_id:ObjectId("52cdef7c4bab8bd675297d8a")
name: "Wetpaint”

twitter_username: "Bachelrlietpaint
founded year: 2885

deadpooled year:1

updated at: "Sun Dec @8 ©7:15:44 UTC 2013"

Figure7 SampleselectedMongodocumentfields.

Match (n:Companies) where n.oid = '52cdef7c4bab8bd675297d8a' return n.twitter_username, n.name,
== "n.twitter_username”|"n.name" "n.deadpooled_year"|"n.updated_at" "n.founded_year”
f& "BachelrWetpaint"” "Wetpaint" |1 "Sun Dec 08 07:15:44 UTC 2013"|2005
Text
£

Figure8 Samplerelated Neo4jnode properties.

In addition, the verification proceeds to check on the representation of complex field in thardod. In this case,
the funding_roundsfields are selected.Figure 9 depicts théunding rounds fieldorm the same document sample. As
discussed earlier in theaper, the funding rounds field is an array of object, each object represent a docuffieetefore, it
is a nested document structure.

Form the sample in Figure 9, tiiending_round=f the document consists of three elements, that is, when migrated
into Beodj, there should be three nodes created unflerding_rounddabel. For theinvestmentsfield, nodes are created
underinvestmentdabel in Neo4j.Each element in investments consists of three fields thatcampany financial _organd
personfields.
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_id: objectId("52cdef7c4babsbde75297d8a")
Y funding_rounds: Array
¥ @:0bject
id: 8388
round_code: "a"
source_url: "http://seattlepi.nwsource.co|
source_description: ""”
raised_amount: 5252882
raised_currency_code: "USD
funded_year: 2ees
funded_month: 12
funded_day: 1
¥ investments: Array
¥ @:0bject
company: null
» financial_org: Object
person: null
¥ 1:0bject
company: null
» financial_org: Object
person: null
¥ 1:0bject
id: 889
round_ceode: "b"
source_url: "http://pulse2.com/2287/01/e9|
source_description: ""”
raised_amount: 3582802
raised_currency_code: "USD
funded_year: 227
funded_month: 1
funded_day: 1
investments: Array
¥ 2:0bject
id: 2312
round_ceode: "c"
source_url: "http://www.accel.com/news/ne|
source_description: "Accel”
raised_amount: 25828822
raised_currency_code: "UsD"
funded_year: 228
funded_month: 5
funded_day: 12
b investments: Array

"

v

Figure9 funding_rounddield from Mongo document.

Figure 10 and Figure 11 depict the related nodes from Neo4j based on the sample document in Fignaa $he
three figures, it shows that the values of each field in fhedisng_roundsind investmentsnodes are matched with the
values of document fields in Figure ®lowever, Figure 11 does not shows the financial_org field due to the field is a
document object; therefore, the migrated field becomes a node underfithencial_orglabel. Figue 12 depicts the related
financial_orgnodes from Neo4;j.

Match (n:funding_rounds) where n.oid = '52cdef7c4bab8bd675297d8a' return n

o T

Grapt

B {"funded_day":1,"funded_year":2005, "funded_month":10, "round_code":"a",
"id":888,"0id": "52cdef7c4bab8bd675297d8a", "raised_amount":5250000, "sou

e rce_url”:"http://seattlepi.nwsource.com/business/246734_wiki02.html","

}X raised_currency_code”:"USD", "source_description”:""}

Text

{"funded_day":1,"funded_year":2007,"funded_month":1, "round_code":"b","
id":889,"0id":"52cdef7c4bab8bd675297d8a", "raised_amount":9500000, "sour
ce_url":"http://pulse2.com/2007/01/09/wiki-builder-website-wetpaint-we
lcomes-95m-funding/", "raised_currency_code":"USD", "source_description”

"}

{"funded_day":19, "funded_year":2008, "funded_month":5, "round_code":"c",
"id":2312,"0id":"52cdef7c4bab8bd675297d8a", "raised_amount":25000000,"s
ource_url":"http://ww.accel.com/news/news_one_up.php?news_id=185","ra
ised_currency_code":"USD", "source_description”:"Accel"}

Figurel0 RelatedNeo4jsampleof funding_roundsiodes.
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Match (n:investments) where n.oid = '52cdef7c4bab8bd675297d8a’

@9 "n"

Graph

=2 {"person”:"","company”:"","0id":"52cdef7c4bablbd675297d8a" }

e {"person":"", "company”:"", "0id":"52cdef7c4babibd675297d8a" }

ii {"person":"","company”:"","0id":"52cdef7c4babibd675297d8a" }

] {"person”:"", "company”:"","0id":"52cdef7c4bablbd675297d8a" }

. {"person”:"","company”:"","0id":"52cdef7c4babibd675297d8a" }
{"person":"","company”:"","0id":"52cdef7c4babibd675297d8a" }
{"person”:"", "company”:"","0id":"52cdef7c4bablbd675297d8a" }
{"person”:"","company”:"","0id":"52cdef7c4bab8bd675297d8a" }
{"person”:"","company”:"","0id":"52cdef7c4bablbd675297d8a" }

Figurell Relatednvestmentsnodes.
Match (n:financial_org) where n.oid = '52cdef7c4bab8bd675297d8a' retu

QQ Y

éia {"name”:"Frazier Technology Ventures”,"permalink":"frazier-technology-

>

g

>.

ventures","o0id":"52cdef7c4bab8bd675297d8a"}

{"name”:"Trinity Ventures","permalink”:"trinity-ventures","oid":"52cde
f7c4bab8bd675297d8a"}

{"name”:"Accel Partners","permalink”:"accel-partners”,"oid":"52cdef7c&
bab8bd675297d8a"}

{"name”:"Frazier Technology Ventures”,"permalink":"frazier-technology-
ventures","oid":"52cdef7c4bab8bd675297d8a" }

{"name”:"Trinity Ventures","permalink”:"trinity-ventures","oid":"52cde
f7c4bab8bd675297d8a"}

{"name”:"DAG Ventures","permalink":"dag-ventures","oid":"52cdef7c4babg
bd675297d8a"}

{"name":"Accel Partners","permalink”:"accel-partners”,"oid":"52cdef7c4
bab8bd675297d8a"}

From the comparisons, it shows that the migration method is able to migrate the data as according to the discussed

schema.

7. Conclusions

The recoreto-record migration method migrates data from MongoDB to Neo4j in a sequential ag.to the
flexibility of storage paradigm in MongoDB, migrating data requires a predefined structure that are supported by the
targeted type of database. For example, in this paper, the Neo4j does not support nested nodes in compare to MongoDB
which allowed nested document to be stored as a fiel@herefore, the identification of field type is cucial and MongoDB

Figurel2 Relaedfinancial_orgnodes.

allows greater flexibility in data storing within a document in compare to Neo4j node.

With the recordto-record validator method for the migratiodata, it needs further verification as manual verification
discussed in the paper may not be able to sufficiently verify the effectiveness of the method.
For future works, study will proceed to the migration of more complex field structure and with dteSQL

databases.
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Abstract Frontend and Backend repositories are the main components ofithki-repository structure. The developel
or team managers upfront mostly dbe identification oftheserepositories, buin Github, thereisalmostno tool or third
party identification to identify these repositories. Since Github is the largest opercsglatform and is used by, mar
researchers and identification of these two repositories are crucial. This paper shows how this problem can be s
building a machine learning model based on the file structure of the repository. The model has poowe very
successful with an accuracy of over 90% and can be used not only to identify the repository type, but also to ide
development language and environment.

Keywords:frontend, backend githubmining,machinelearning,repositoryidentification,file structure

1. Introduction

Multi-repository structures are definitely preferred by development teams and project managers. There are even
some companies that have made this their company policy, such as "Netflix" (Netflix Culture Bti$Xype of structure
consists mainly of two repositories: frontend and backend. The frontend is the part of a web application that users interact
with directly through their web browser. It is usually responsible for displaying the user interface, sirgceser input and
communicating with the backend of the application. A backend repository, on the other hand, is a type of code repository
that stores the code base and data for the backend of a web application. The backend is the part of a webapiiaati
runs on a server and is responsible for managing and storing data and processing logic and business processes.

Since those two repository types are main parts of Mwfository structure it iessential to be ablé identify them.

This paper wilmostly focus on identification process using the opportunities provided by Github API, which is a product of
Github platform. Github is aanline service for hosting software. It offers each project access controliracijng, software
feature requeststask management, continuous integration, and wikis in addition to Git's distributed version control. As of
June 2022, GitHub reported having over 83 million developers and more than 200 million repositories (Github 2022). It
makes Github something like real gold mine for researchers and several papers have been written solely about Github
Mining (Valerio Cosentino 2016; Eirini Kalliamvakou é&x(dl4; Valerio Cosentino 2017).

However, despite all of these huge potential researches face with challeniges they try to use Github Mining.
Github API provides great amount of information about repository but it lacks to identify if repository is a Frontend or
Backend. This part is left for developer to identify with additicagls2 NJ & LJS OA | f vaujf-iromtdngg 3 6fDM]IK ded  H
Nevertheless, in most cases developers does not add any identification tags or special names and in this cases, there is
need for additional method. In this paper, a Machine Learning approach has been applied for this purpose

2. Relatedwork

During the literature review for this paper it appeared that, there is no any academic research paper about
identification of Frontend and Backend repositories. Result can be research field itself. In most cases, projects have beer
analyzedwithout considering Mono or Multi Repository structure itself. Even in some cases when there is study about
repository structure like in paper (Jaspan 2018) it took only small amount of projects. Since these type of researches have
been done in scope of @company or developer group, the types of repositories were predefined and thus there was no
need for any additional tool or algorithm. In paper (Shakikhanli U 2022) two additional options have been introduced: a)
Identification according to the file namé) Identification according to the list of packages in configuration file. Both of those
methods are effective but they have some disadvantages. For example:
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Identification according to the name cannot be used in the repository groups where developers have not used
special naming tags. For example, user (Github 2022) has not specified froafmsitory with any tag or name and that is
why abovementioned method cannot be used here.

Identification according to the configuration fidewill best suit when research is based NodeJsrojects. Otherwise,
it will become harder to be able to idefi frontend or backend repositories. There is also specific guideline for naming
repositories in Github (Github 2022) but unfortunately, it is not followed by all developers. A small test can verify this
information. As it has been mentioned before, themee nearly 200 million repositories in Github. By creatingjraplesearch
j dzSNE= AdG OFy 0SS aSSy GKFGO GKSNB | NB vy 2 ifroneadsS datkekdy My Y.
either name or in description of repository. Since mosthaf projects in Github are developed by freelancer or independent
developer, it means even that 2 million numbers is not showing us real amount of repositories, which have been named
according to the guideline.

3. Methodology

This chapter will mostly be ddéd into two sections how to create a database and creating a ML model. Creation of
database is essential since the model will be both trained and tested according to that. As it has been mentioned in previous
chapters, there is no clear database for frentl and backend repositories. Because of that, the only for collecting before
mentioned repository types is to do it by hand. In order to fasten the process some search queries have been created and
collected repositories analyzed before being added toalase. The following example can be shown for search query in
Github platform:

https://api.github.com/search/repositories?drontend+language:javascript+created:2021- 01.. 202101-3L

¢CKAA ljdzS8NB gAfft 3IAGBS | ik &éEr nante. TNEelLdpedakal @iditoralaparametérk as o F
language and publication date for repository to shorten the search area. For further steps, repositories have been analyzed
by both developers and special scripts for verification. Even difficultoéghis process proved importance for general
method and proved importance of this paper.

For more clearance, it is better to explain that the abeowentioned scripts checked following aspects of repository
for verification: a) Configuration file (éxist); b) Readme file (if exist); c) Repository tags (if exist). If none of these were
existed in repository then it has been checked by developer and verified.

After collecting all these repositories, the next step was to collect the file structure e$ethrepositories.
Unfortunately, there is no request type in the Github API for retrieving such information. However, there was a request to
get a list of files in a specific directory, and this request is used as a workaround in this paper. Sinceogisitée @ get a
list of all the files in the directory, this method was used to create a "file structure" of the repository. This proclessrdgu
be done by sending multiple requests to Github for each repository. Since the number of requests to i§ilimited, a
special authentication key (Github 2022) was used to speed up the process. The Github API allows users to send 50C
requests per hour. To calculate the request usage limit, one can check the remaining request volume or simply calculate the
number of directories in the repository. This has been done in this post because each query only shows the files and
directories in a particular folder, so the script mgsind anew query whenever it encounters a new directory. An example of
a query stringo retrieve the contents of the repository might look like this:

https://api.github.com/repos/{repository owner}/{repository}/contents/{path to directory}

Thereare also fewadvices about thiprocess in order tavoid somecommon mistakes. For example, researches have
to add special list of folder names, which their script has to avoid during this processexBmple, folders like
node_modules O2y il Aya Itf LI O1Fr3ASa FYyR FTRRAGAZ2YLFE fAONINRSaA
also huge number of libraries which has no value for this model. Due to its size and number of foldeil aoiitseme huge
amount of requests and thus will delay overall speed of data collecting.

Path of each file added to the database as a sentence in text. Therefore, this way the file structure of repository can
be treated as text for future processing. Boling example can be given to explain this much better:

dw9 ! 5a9 YR dpackagejson. public/faviconico. public/indexhtml. public/logo192png.
ANDKkO2YLRYSyGak/ INR/2YLRySyicad aNOkaSNDBAOSA&K| LIA2adé

As it seen here, package.json and other files are written withatitsegn to separate extension and it is done in order
to avoid stemming operations, which will be discuss later on. In order to be able to treat these file structures as texts som
2LISNI GA2ya tA1S aaidSYYAy3aé o6{GSYYANBYAFARY I Savkvér (s 632y
There is also a little notification to inform that during stemming procEsglishlanguage have been used. This way it
become possible to construct file structures for each repository as a text file and they ak cesed for training of a model.

4. Trainingandtesting of model

Collecting repositories and creation of database with file structures there become a need for choosing an algorithm
for training. Scikitlearn provides different methods fareatingan MLmodel(Scikitlearn 2022)In orderto demonstratethe
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efficiency of this method all major ML algorithms have been used here. Paper gives short definition for each of them but
detailed information can be obtained from official documentations and given references:

TheMultinomial Naive Bayemethod appliesthe naive Bayes technigue text classification problems whettée data
follows a multinomial distribution. This method is commonly used in natural language processing tasks and is known to work
well with word or tf idf vectors, which are used to represeritet text data in a numerical format that the algorithm can
understand (Multinomial Naive Bayes 2022).

TheSGDClassifieuses stochastic gradient descent to traggularized linear models. It estimates thessgradient for
each sample and updates the mddeparameters accordingly, using a gradually decreasing learning rate. This allows the
model to learn and improve over time (SGD Classifier 2022).

Ridge classifiefirst converts the target values intel{ 1} and then treats the problem as a regressiask (multi
output regression in the multiclass case) (Ridge Classifier 2022).

LogisticRegressiomethodis a linear modelthat is usedfor classificatiorrather than regressionin machinelearning.

It isalsoknownaslogit regressionMaxEnt,or the log-linear classifiefLogistidcRegressiomnd Scikitlearn2022).

K Nearest Neighboiisased classification is a method of instafim@sed learning that does not create a general
internal model. Instead, it simply stores examples from the training data.tyjpésof learning is nogeneralizing and does
not aim to create a general model of the data (K Nearest Neighbor 2022).

Random Forest Classifies a machine learning method that combines multiple decision tree models to make
predictions. It trains these désion trees on different subsets of the data and then averages their predictions to improve the
accuracy and reduce over fitting (Random Forest Classifier 2022).

Decision Treeare a typeof machinelearning model that can besed for bothclassificatiorandregression tasks. They
are nonparametric, meaning that they do not make any assumptions about the underlying data distribution (Decision Trees
2022).

ExtraTree Classifierimplements ameta estimatorthat fits a numberof randomizeddecisiontrees (a.k.a.extra-trees)
on various sutsamples of the dataset and uses averaging to improve the predictive accuracy and contfittioge(Extra
Tree Classifier and Sciléarn 2022).

Tablel Accuracyscoreof all algorithmswhenall DBhavebeenused.

Algorithm Accuracy
1 Multinomial NaiveBayes 0.514648858250754
2 SGIClassifier 0.514648858250754
3 RidgeClassifier 0.4844894442050844
4 LogisticRegression 0.484489444205084
5 KNearestNeighbor 0.8778543731150367
6 RandonforestClassifier 0.9030590262817751
7 DecisioriTree 0.9032744506678156
8 ExtraTreeClassifier 0.9015510555794916

Table 1.1shows the general results when different algorithms are used. As mentioned in the previous chapter, the file
structures of the repositories argeated like texts in natural language. For this reason, the results of the Multinomial Naive
Bayes algorithm should be much higher than those of the other algorithms, but surprisingly it performed worse than almost
all other algorithms and methods. The dson Tree algorithm, which out performs the Random Forest Classifier by a small
margin, achieves the best result. A quarter of the database was used to test the model, but of course this value can be
changed and for some algorithms, e.g. Multinomial MaBayes, additional parameters can be added to improve the
accuracy, but these additions will not change the numbers dramatically.

The model may give different results for other programming languages such as Java or Python, but we have left them
asidebecausehere repositories otheselanguages aresually part othe backend ofa project. For this reasomgnly the two
main languages Typescript and Java Script are used for testing and trading the model. Despite other languages, numerou
frontend or bakend repositories can be written in one of the aforementioned languages.

5. Conclusiorand Futureworks

The paper provides a clear understanding of the importance of frontend and backend repositories and offers a
solution for identification using a machidearning model. This method is highly customizable and can be used with almost
all types of repositories written in any programming language. The results of the different methods have been shown and
demonstrate the success of this method in identifying tyyge of repository.

In addition to explaining the meaning of the proposed model, it also explains how the Github platform and its API can
be used to create a database that can be used for both similar and different purposes in different research ateas. In
future, it is planned to further improve the model and solve some problems related to data collection and processing time.

6. Threadgto validity
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The performance of the method and its usefulness have been proved by tests and the seswits in the paper, but
there are some aspects that need to be considered by other researchers. First, one can consider the time required to create
such a database and model. Moreover, all there repositories used here are open source projects on thepl@ifioum,
mostly developed by individual developers without commercial interests. For this reason, the algorithm may show different
results when tested on commercial or mdigér projects. Future work will be implemented to improve and eliminate the
weaknesses of the algorithm.
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Abstract A number of strategies have been developed ¢ontrolling and monitoring the production process since 1
quality ofthe product has emerged as ord the key concerns in today's manufacturing sector. Control chartsherdest
tools for monitoring and adjusting products and processes. This resgaogoses a novel automatic method for tf
recognition of nine control chart patterns (CCPs) based on novel autonomous machine learning. The classificatiol
and the tuning portion make up the two main components of this procedure. Support Vectorifda¢BVM) have
demonstrated outstanding performance over the past few years on a variety of applications, including signal dispe
speech detection, and image processing. SVM is consequently employed as the intelligent classifier for the reof¢
CCPs in the classification phase. One key challenge with SVM is that it requires a high level of expertise t
appropriate parameters, such as the quantity of kernel and their spatial diameters, knowledge rate, etc. It is diff
fine-tune the SVM parameters because of their domestic dependence. These problems led to the employment
Harmony Search (HS) Algorithm for the best tuning of SVM parameters in the tuning section of the proposed te«
Instead of depending on any feature engering procedures, the suggested method, in contrast to the popular ¢
recognition methods, takes raw data and runs it through many hidden layers to obtain the best feature represer
The quantitative and simulation results demonstrate the suggesteethod's performance advantage over the earl
methods.

Keywords: support vector machine, harmony search algorithm, control chart patterns, novel autonomous me
learning, signal processing

1. Introduction

TheAutonomous Machinéearning (AutoMUnethod is to eliminatehe need for considerablauman involvement in
the creation and rollout of ML models. It is difficult to single out a single "novel" AutoML approach since the subject is
developing at such a fast pace (Xie et al 2019) Since neuxabrks form the backbone of many machine learning models,
their construction may be automated through a method called Neural Architecture Search (NAS). NAS seeks to automate the
process of designing neural network architectures, which is currently domereitia trial and error or with specialized
expertise (Zhang et al 2019). Various layers, connections, hyper parameters, and activation functions are all part of the
architectural space that is being searched. The method considers much potential arat@feziah of which is trained and
then tested on a validation dataset. This is often a very reseimemsive and timeconsuming activity on a computer
(Miikkulainen et al 2019). Agent trained using reinforcement learning may pick and construct novekdgsigaximizing a
reward signal that represents the architecture's performance on a specific task. To develop better designs, the agent
repeatedly samples them, trains and assesses them, and changes its policy (She et al 2020) Using evolutionarg &gorithm
probe the architectural space. Keeping an architectural population alive, evolving it via processes like mutation and
crossover, and measuring its effectiveness are all part of this process. In an evolutionary process, the best structtoes tend
procreate and spread across the population (Khan et al 2019). To solve the architectural search problem, the-lgasdignt
NAS method poses it as a continuous optimization issue. To enable grhdmed optimization, it employs continuous
relaxation methodsn place of discretely selecting architecture. Through repeated iterations, the search method optimizes a
differentiable surrogategyoal by modifying architectural characteristics ldtennel widths and layer sizes (Sun 2@21). To
effectively explorethe design space, a Bayesian optimizatimsed NAS technigue uses this method. It employs Bayesian
approaches to efficiently search for and identify potential designs by modelling their performance as a surrogate function
(Loquercio et a2020) Thepurpos of NASis to eliminatethe need for human design and experimentation by automating the
architectural search process and discovering neural network designs that deliver high performance on certain tasks (Dang e
al 2020). It's crucial to remember that tla@ea of AutoML is always changing, and new methods are being created to handle
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certain problems and enhandbe speed and efficacy of the creation of machine learning models (Garcia et al 2020). An
important part of statistical process control's (SPC's) monitoring and analysis of process variability is identifyinghtrends
control charts. It is possible to awnate the detection and categorization of control chart patterns using machine learning
methods. One of these methods is supervised learning, in which an algorithm learns to detect various control chart patterns
by seeing labelled instances (Sejnowski J0B0iming the data you need a labelled dataset that includes control charts with
identified patterns to use supervised learning. This data collection has to have a number of control charts, all of which are
clearly labelled with their respective patterrfaormal, shift, trend, cyclic, etc.). The control charts may be created using
either actual or simulated process data (Jahangir et al 2020).

2. RelatedWorks

Research (Rajula et al 2020) evaluate ML and classical statistical approaches for their strengtbskaedses in the
context of healthcare. When a priori knowledge of the issue at hand is significant, as it often is in public health raséarch,
the number of cases much surpasses the number of variables under examination, traditional statisticachppreeem to
be more beneficial. Beginning with a conceptual model of the pipeline oHMIAs from inception to development to
deployment and the parallel pipeline of review and supervision duties at each step, this study presents a systematic strategy
to detecting MEHCA ethical problems. We build upon this framework by asking central questions that bring up ethical
concerns and by recognizing ethical problems that have received little to no prior attention but which are still important
(Char et al 2020)The study (Usama et al 2019), we will take a #égyfel look at how unsupervised learning has been put to
use in the field of networking. We provide a thorough overview of the most recent developments in unsupervised learning
methods and illustrate theiapplicability in a variety of networkingelated learning problems. The study provides a brief
overview of the development and categorization of machine learning, before delving into the eetigeyof this field as it
has been applied to Unmanned Aerihicles (UAV) for autonomous flying. Several methods of control, such as tuning
parametersadaptivecontrol in an uncertainenvironment,route planningin realtime, and objectidentification,are provided
(Choi and Cha 2019). Applying machine learnieghods, as shown in this research, has improved smart farming's precision.
Fruits and vegetables such grapes, apples, oranges, and tomatoes, as well as cereal grains like corn and wheat, wel
harvested for the research. The paper's study results are camially accessible as tools for a variety of uses, including
automated harvesting, weed identification, and insect control (Darwin et al 2021). In the study (Ferdowsi et al 2019) offer
edge analytics architecture for ITSs, where data processing occune d¢vel of the vehicle or roadside smart sensor, to
address the latency and reliability issues plaguing ITSs. For more accurate mobile sensing in ITSs, a distributed edr
computing architecture may take use of deep learning methods by combining the prvpaissengers' mobile devices with
in-vehicle processors (Ferdowsi et al 2019). In the paper, they provide adongleep learning architecture that effectively
classifies objects by fusing and selecting deep features from several layers of data.atégyspresented consists of three
stages: very deep convolution networks for lasgmale image recognition and inception V3 are used to extract features via
transfer learning; (2) feature vectors are fused using a parallel maximum covariance approa¢B) tiredbest features are
selected via a multi logistic regressioantrolled entropyvariances method (Rashid et al 202®). the study (Chen et al
2019) create a muklievel Deep Reinforcement Learning (DRL) protocol for acquiring knowledge abowhiarging habits
in heavy traffic. Faster and safer lane changes may be taught by first dissecting the overall behavior into its compenent sub
policies. The paper presents a thorough analysis of ML applications across several additive manufacturingd@ANLfiel
may be used to generate cuttirgflge met materials with improved performance and refined topological layouts in the
design for additive manufacturing (DfAM). Modern ML algorithms may aid in optimizing AM process settings, analyzing
powder dispersaland detecting defects in real time (Wang et al 2020).

3. Methodology

In this research, a novel SMbased hybrid approach to recognizing nine CCPs is suggested. In contrast to traditional,
handcrafted feature representation approaches, the suggested apprdeains feature representation automatically from
the raw training data. The suggested method involves feeding raw data into SVM and having it identify the CCPs present. T
successfully apply SVM to a new project, one must have extensive understandimg rokthod and be able to choose the
appropriate parameters, including activation function, knowledge rate, kernel sizes, and the number of kernels. These
parameters have deep reliance on other values, makingtfineng them a costly endeavour. A largerasehing area may
damage training, while increasing the number of sm&kd kernels improves performance. Reduced processing costs and
less overlapping receptor fields are two additional advantages of using the optimum stride length. This means pcking th
right value for these variables.

3.1. Supportvectormachine
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The support vector machine (SVM) is a supervised ML approach that is a relatively new and promising classificatior
model based on the idea of structural risk reduction. The margin is maximized and strong generalization capacity is attainec
by using a sepating hyper plane in this model.

Q) = (0,%) + & (1)

Where (x) is a function from the input space to a higimensional feature space; w is a coefficient vector; and b is
the offset of the hyper plane from the origin; these values are founddbying the optimization function that follows.

W0,,) = AWA+ By 0 (2
(0, %) + +@d 1 ,q0 0 (3

The following formula yields a kernel function, wherdh A& GKS &t O1 @GFNRAIof S O 6LJIF
errors, and (p> 0) the zesthe order constant:

Woagn = (%40, (6% 4)
The xelement of the training sample vectors is the kernel function k. Linear, polynomial] fmadies function (RBF),
and sigmoid kernels are some of the many types of kernels used in support vector machines. SVM has the potential tc

outperform other kernel functions when it comes to ndinear classification. This research is to look into SVMencbntext
of bagging, boosting, and stacking models as component classifiers.

3.2. Harmonysearch(HS)

We presenta metaheuristicmethod callecharmony search (H®)at usesa populationbased strategyTheconceptof
harmony seek was developed in part asteomage to the art of improvising music. Each element of the solution vector is
compared to a note in a musical scale, and the algorithm mimics the way a musician would go about adjusting the notes to
get a desired effect. However, the convergence speeblasic HS is lower, and it may have issues with local minima. Five
primary factors are presented in Table 1 and five primary processes are outlined below for the fundamental HS. We propose
an enhanced HS method in this work by fusing HS approaches witmexttecomposition. Crossover rate (CR) and scaling
factor (F) are two new metrics added in DE that stand for these two concepts. Figure 1 provideseadiigherview of the
design, and the essential procedures are described in more depth below.

Tablel Harmonyseeking'primarycriteria.

Parameters Description
HMCR Rateof recollectionharmony
Maximp Maximumnumberof improvisations
bw Bandwidthvector
PAR Changen pitch per second
HMS Sizeof the symmetricgroup'smemory,in termsof the numberof solutionvectors
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Initialize parameters and
TNy |OAriory

Find the best harmony (X}
and the worst harmony(X,,...)

)
According to Xp..,
improvise a new harmony,
Xpewllmprovisation
operation)
I X, better than X,
?(Update operation)
ination criteria \ —/,
satisfied?
Yes
— %
Replace Selected harmonies . No
o with X« ReplaceX s WithX,.
Do mutation and
Are X, better than the crossover operation on Randomly select
selected selected harmonies one by Harmonies {sslection
harmonies?(Replacement one and obtain new [SRaasO
operation) harmonies, X .5
¥ v

Figurel Exampleof the HSalgorithm'sflowchart.

Procedure for Getting Started All algorithm parameters, including CR, F, HMS, HMCR, PAR, Makkmmasiche
specified. The harmony memory is then set taadom value as:
o3 ¢ 8 o KOIAD)]
alé ¢ 8 8 i)

2

®)

v Cvc,

_ € E & é
[P B 8 B qaoy)

~ Forj=1,2...HMS a solutionvector X = (X1, X... Xx) is defined,wheref (X) isthe valueof the objectivefunctionat X
andxiisthe ith valueof the jth solutionvector. FindingXestand Xworstrequirescomputingthe fitnessof the objectivefunction.

Y 0 N
T, e s Ny @0 o ‘o
@gan =0 a0 praes  ©

Where Imp is the total number of improvised pieces affdand % are the upper and lower boundaries of Ve
develop the algorithm 1 presented in the following paragraph to build a new harmony. For examaplél., U returns a
random number betweern and U using the normal distribution, whereasand. (L, U returns a random number betwedn

and U using the urform distribution.

Algorithm 1. Improvisationaloperation in HSpseudocode

foreachin {1,2...N}do
if rand (0, 1) ¥HMCRhen
if rand(0,1) ¥PARhen
x_(new,i)H x_i"best+bw¥ randE _u(-1,1);
Ifx_(new,i)>x_i"Uhen
X_(new,i)=x_i"U;
end if
else
X_R=2*x_i~besk_i*worst
Ifx_R>x_i"U then
X_R=x_i"y;
endif
Ifx_R>x_i*then
X_R=x_iM,
endif
EpoySesA0HEPELDEHRAEWEND, Y R
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endif
else
EQoyS$Ss3Al HKEK bGINY v R
end if
end for
ReturnX_new

4. Resultand Discussion

In this study, we conducted a number of experiments and compared the outcomes of the suggested approach to
those obtained using other methods. MATLAB, installed on a Windows-b@d frbfessional PC with 64 GB of RAM, is used
forboththe{ +aQa RS@St2LIYSyd IyR lylftéearad CABS AYRSLISYRSyld N
demonstrated, with the average efficiency demonstrated.

4.1. Evaluatiorof the proposedechnique'performanceon a dataset

One thousand examples ofeh pattern are generated using the provided equations To conduct a performance study
of the suggested approach. Each equation represents the relationship between the standard normal variate value ri and the
Y20 3SNIDPSR QhhitioeSminteFar | @y AN A LINRPOSaa 6AGK YSIFEyQ + 6x0 |
formulae may be used to generate a wide range op6iht patterns:

Systematipattern:

W= * + 1 + QX g1, Q 3,

Normal pattern:
W= +ie¥ =80, =5 8)
Combine pattern:
+igq V¢p,15, & 25 &0 DR1IEI0 (9
Stratificationpattern:
o= ‘ +1%0.2, ,= 0.2 (10)

2 K S NiRis abinary integer value that depends on the transition probabilities between distributions, which are
describedby the parametersb =mp and} (0 < i} < 1). Sinceb is alwayssetto 0.4, this meansthat we alwayshavet =
0ifn < 0.4andd = 1T 0.4
Cycligpattern:
W= " +igq +sin(2j"Yy,15, ® 25, &8 Y 16 (1)

Theamplitude of cyclicvariation, denoted by 4 U d&nd@Xfze period of a cycle,denoted by 4 U arebath shownin this
equation.
Increasinglrendpattern:

W= " +iq+M0.05, "Q 0.1, (12)
Reducedrend pattern:
WO +ieg+Mn8pAg m8mu [I)

Theamplitudeof the gradient forthe trend patternsisrepresentedby 4 UreEQuations(11)and(12).
Upward Shift pattern:

W +ig+ @, =1 P, (14)
DownwardShiftpattern:
W= +ig @, O=1m P, (15)

Parameter] Q RSGSNX¥YAYySa (GKS t20FGA2y 2F GKS AKATHZ GKAES ¢
(14). 9000 samples have been created [Inpathoooc To demonstrate the effectiveness of the suggested system, a split is
made between the traimig and testing phases, each using half of the data.

4.2. Evaluationof the successf the intendedmethod
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The effectiveness of the suggested method is studied in this section. The SVM architecture may be represented by the
parameterizedunctions. Weutilized theHSmethod togetthe best possiblesettings forall ofthe parameters. Thenaximum
number of repetitions is set at 100, while the population size (in terms of hawks) is restricted to 25. When utilizing the HS
method, a SVM withi¥e hidden layers and a knowledge rate of 0.00126 performs the best. Table 2 displays the best SVM
ideal parameter settings.

Table2 Thesuggestedramework.

Layer . Zero No.of trainable  Output shape Kernel No.of
Layer tyge Stride(S) padding(p) parameters P i Size(F) Kernel(K)
0 CONV 3 3 961 7x21 5x2 21
POOL 2 - - 8x21 3x2 21
1 CONV 2 2 2561 8x33 5x2 33
POOL 2 - - 7x34 3x2 33
2 CONV 2 3 289 41x9 9x2 9
POOL 3 - - 20x9 5x2 9
3 CONV 2 2 385 19x13 5x2 13
POOL 2 - - 17x13 4x2 13
4 - - - 61x1 - -
CONV 2 2 49 52x4 13%x2 5
5 POOL 2 - 47x4 7x2 5

There are sixty neurons in the input layer, and four additional convolution and pooling layers with four, eight, twelve,
twenty, and thirtytwo filters in the hidden layer. Which demonstrates the excellglassification accuracy of the proposed
method (HSSVM)usingELUactivation functions. In this analysis, th#ficiency ofa Support SVM built on theameprinciples
but usingthe ReLUactivation function icalculated TheTable3 below shows theoutcomes ofutilizing SVM witithe ELUand
ReLU activation functions.

Table3 Examininghe Impactof ActivationFunctionon SVMEfficiency.

Classifier Accuracy(%) Stapdgrd Act|va_t|on
Deviation function
Min Max Mean
SVMwith optimal - g549  9gg7 9881 +0.1 ELU
architecture
SVMwith optimal 08.12 98.76 98.56 +0.15 ReLU

architecture

4.3. Analysisn contrastto other classifications

Several tests have been conducted to analyse the performance of the proposed method in comparison to existing
machine learning methods. Probabilistic neural networks (PNN), multilayer perception neural networks (MLPNNSs) using a
variety of training method® A y Of dzZRAy 3 a6l O1 LINRBLI I GA2YyE 6.t0%X aNBaAftAS
(LM),aswelt & WNJ yR2Y Taft tl@riintcéaccount@ob thitask. Diferent classifiers are fed thaw data in these
tests, with the same trainigytesting split. Three important MLPNN setup options are the number of hidden layers, the
knowledge rate, and the kind of transfer function. The effectiveness of an RBFNN is very sensitive to the amount of radial
basis functions used and the distributioobthose functions. Choosing a suitable spread value in PNN is a crucial step in the
process. Analysing the suggested classifier against other classifiers on raw data and comparing their performance shows i
Figure 2. Accurate identification of the radalue, membership function type, and fuzzy inference system is required for
successful ANFIS implementation. For optimal performance in SVM, it is essential to choose a suitable kernelkiemmetion,
parameters, and penalty parameters. The density ofafpdi has a significant effect on RF signal clarity and performance. To
determine what those values should be, the HS method is employed in this experiment. Density of foliage has a significan
effect on RF signal clarity and performance. To determine wihasge values should be, the HS method is employed in this
experiment.
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Figure2 Using randatato comparethe suggestedlassifier's performancagainstothers.
4.4, Analysingand contrastingthe variousmethodspresentedn the research

Oneof the most common and useful tools for keeping an eye on output in many industries is the control chart. As a
result, this strategy is widely used in the industrial sector, and a wealth of research has been conducted on the topic. The
effectiveness owuthors' methods has been studiettrossa variety ofdatasets.Since nasingledataset exists under which all
possible approaches can be evaluated, direct comparisons between them are impossible. Studies also vary in their sampl
sizes and the types of pattes they examine. Most studies on the control chart idea have focused on studying preexisting
patterns, such as normal, cyclic, trend, and shift patterns. Because of this, classifying patterns into groups of eighisor ni
outsidethe scopeof the suggeted approach. Andbecause somef the feature extractions need fadesignerinput, their CCP
identification method is not really automated. For instance, the user must decide where to draw the line when dividing a
pattern into two displays. The suggesteppaoach achieving convergence over a variety of runs displays in Figure 3.

—— Run1
—&— Run2
100.0 - —@—Run3
D—2--0-3998-9 —0— Rund
99.5 - @— Runb
99.0
98.5
;; ]
P 98.0 -
o
97.5
97.0
96.5
96.0
T T T T T 1
0 20 40 60 80 100

Iteration
Figure3 Consistencyf resultsfrom severaliterationsof the suggestedpproach.

5. Conclusion

Given the cutthroat nature of thenarketplace, quality control and monitoring have emerged as major concerns for
manufacturers. In this research, amtomated approactio CCPs recognition is suggested, timeg makes usef SVMand an
optimizationtechnique.Thesuggestedechniqueallowsfor the automatedrecognitionof the nine mostoften observedCCPs
without the need for any handrafted characteristics. Furthermore, the suggested approach may be used without
modification to an unlimited number of CCPsMultiple tests were conducted,and HSSVMwas comparedto numerous
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different techniques in order to evaluate its quality and performance. In these simulations, HS is used to determine the best
configuration for a SVM and its associated parameters. The collectechdmadiemonstrated the high accuracy of the
suggested method and its ability to categorize the nine CCPs with a 99.80 percent succe$tediadings show that the
suggested technique is better than tlstate-of-the-art classifiers, including MLPNN, RBFRNFIS, RF, and SVM. In addition,

the suggested strategy outperforms previously published findings in the literature in terms of classification accuracy. Based
on the findings, this research strongly suggests using¥18 for CCPs identification. The segjgd approach may also be

used to classify heartbeats, identify breast cancer tumour types, etc., all of which are examples of complex pattern
recognition issues.
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Abstract The paradigm of textual or displdased control in humasomputer interaction (HCI) has changed in favol
more understandable control methodsuch as gesture, voice, and imitation. Speech in particular contains a
guantity of information, revealing the speaker's inner state as well as his or her goaitantion. The speaker's reque:
can be understood through language analysis, but aoldi#l speech features show the speaker's mood, purpose,
intention. As a consequence, in modern HCI systems, emotion identification from speech has become

Additionally, it is challenging to aggregate the results of the many professionals ehgagmotion identification. There
have been several methods for analyzing sound in the past. However, it was impossible to analyses people's
during a live speech. Studies on rtale data are now more prominent than ever because of the advancenoé
artificial intelligence and the great performance of deep learning techniques. This research uses aedgéndeep

learning technique to identify emotions in human speech. The research made use of thesagee Ryerson Audic
Visual Database dimotional Speech and Song (RAVDESS) dataset. More than 2000 fragments of data were caj
24 performers as speeches and songs for the RAVDESS dataset. The actors' responses to eight distinct mi
recorded. It was designed to find various ematiolassifications. In this study, a novel nefuazy swallow swarm
optimized deep convolutional neural networks (NHSONN) approach for classification was suggested. The perforrr
of the suggested model was compared to that of similar research, aadoticomes were assessed. Employing

suggested example on the RAVDESS dataset, an overall accuracy of 98.5% was attained for categorizing emotiol

Keywords:HCIRAVDESSERNFSEDCNN

1. Introduction

The technique or method of recognizing aomimprehending emotions expressed through speech or spoken language
is known as SER. To determine a speaker's emotional state, many auditory variables are analyzed, including pitch, quantit
language rate, and spectrum characteristics. SER systems prapogtentify and describe different feelings people
experience at the moment or using previously captured speech. Call centers;cenigelled gadgets, mental health
monitoring, virtual assistants, and market research are objective some of the many fHasestechnologies may be placed
into action (Nayak et al 2021). The term HCI is used to describe the research and development of systems. It includes a
aspects of a person's interaction with an electronic device, program, website, or other digitalrmedCl is the study of
how to design technologies to ensure they can be easy to use by the average person. HCI iglisaiplitiary field that
studies how people communicate with and make sense of technological systems. Its goal is to enhance litye afsabi
product or service by tailoring the user experience to the specific requirements of individual consumers. HCI encompasses
broad variety of digital devices, including tablets, virtual reality systems, wearables, smartphones, and loT gadgets, in
addition toconventionalPCsToimprovethe designand usability ofdigitalinterfaces,it aimsto comprehend how consumers
engage with these gadgets (Alnuaim et al 2022)-B#68ed SER is a fad#tveloping topic that focuses on the creation of
technologycapable of comprehending and interpreting spoken expressions of human emotions. With the use of artificial
intelligence and natural languageocessing, this groundreaking field ostudy enable€omputers to recognizand react to
the emotional information included in spoken words. Sophisticated algorithms may determine useful psychological
information from a speech by analyzing its numerous acoustic and linguistic characteristics, including tone, intensity, pitch
andword selections. To find patterns and connections between audio variables and certain emotional states, these systems
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use machine learning methods and train on vast datasets of labeled emotional speech (Rapp et al 2021). HCI, medical car
and other fields all benefit greatly from facial expression recognition. There are six primary feelings happiness, sadness
surprise,fear, and rage. They demonstrated that people from different backgrounds have the same emotional experience.
Both valence and arousal are independent variables along which emotions may be described. Both the valence and the
arousal levels are complex rangifrom calm to excitement. They are sensitive enough to capture minute shifts in facial
expression, allowing them to recognize broad categories of emotion but also differentiate between degrees of feeling within
each. HCI, social robotics, market researafiective computing, psychological studies, healthcare, and the diagnosis and
monitoring of mental health issues constitute only a number of the many fields that may benefit from facial expression
recognition (Chen et al 2021). Speech emotion analysis les important applications in the fields of customer service and
market research. By gaining insight into consumers' feelings during interactions, organizations can adapt to their wants and
requirements. Companies may learn a lot about their customasoatentment, preferences, and purchasing habits through

the study of emotional patterns. With this information, businesses can create more satisfying products, implement more
effective marketing methods, and better manage their relationships with custorfiéasanchery and Palaniswamy 2021).
LinkedIn, and YouTube. Integration of SMD with a healthcare.

2. RelatedWork

The study (Santhoshkumar and Geetha 2019) employed a feedforward deep convolution neural network architecture
with varying parameters to determinan emotional state based on patterns of whdledy movements. The benefit of
emotion detection based on body movements is that it may be used to determine a person's emotional state regardless of
the angle from which the camera observes individuals. Bsearch (Ren and Bao 2020 )provided HCI and intelligent robots
will face several significant obstacles, as this study also predicts. The study emphasizes the variety of tools thatrdhe pres
available for reading, speaking, writing, and using additiaesises in human connection. The research (Abbaschian et al
2021) conducted a comprehensive literature review on the topic of emotion recognition in discrete speech. Comparison of
existing SER methods and records is essential for finding feasible optidngeting a better grasp on that opeanded
challenge, especially in light of recent developments in artificial neural networks and the constant need for correcsand clo
to reaHtime SER in HCI. The article (Tsiourti et al 2019) examined the way pecpimize and react to emotions expressed
by the physical appearance and speech of humanoid robots, with a focus on the impacts of incongruence. They do this by
integrating current discoveries from psychology, neurology, HCI, and HRI. The role of hus@malidobots in modern
society is growing. The research (Pustejovsky and Krishnaswamy 2020) provided a simulation environment for the study an
development of Embodied HCI (EHCI). VoxWorld is a multilingual conversation platform that facilitates fasksed t
conversations througithe useof voice, movement, gesturexpressions othe face,and gazedetection. The studyYunet al
2021) presented a novel graphical method for making bushsédtisal decisions. HCI is increasingly important in foégin
sydems including brairmachine interfaces, human action recognition, telemedicine, and somatosensory games. Extensive
testing demonstrates the superiority of the suggested strategy over competing approaches. The research (Wu et al 2020)
enhanced manufacturigp effectiveness and flexibility while also realizing the benefits of the maitety and smalbatch
assembly via direct interaction among technology and humans. The machine vision technique explored in this article can
successfully filter out backgrountbise and produce the desired picture. The study (Al Mahdi et al 2019) investigated how
HCI factors into the development oflearning platforms. Graphics has several important uses in the field of education
technology. The field of higher education grhgabenefits from the use of interactive multimedia, often known as
Hypermedia. The research (Tsai et al 2020) offered a cheap HCI system that can recognize hand gestures. Multiple forms:
vision are included in this system. To separate the region ofdstefrom the backdrop, skin and motion detection are
employed. To find the object's midpoint, an approach called linked component labeling is presented. The study (Qi et al
2019) focused on optimizing the time differences in surface electromyogram (sEMt@)nprecognition. HCI shows an
essential role in bridging the gap in the implementation of information technology in contemporary cities, serving as the
interface between people and smart cities. The research (Xu et al 2021) provided a novel methaorémiig SER accuracy
has been identified, and it's been named head fusion. This method takes advantage of the multiple attention heads
mechanism. They introducgounds ofiffering intensities,alter the noisesover time, and combindifferent types ofnoiseto
seehow wellour modelholds upunder stress.Thestudy (Chattopadhyay eal 2023)approached assistande decreasinghe
feature dimension but also boosts the learning model's classification precision. In addition to its central position in huma
communication, speech is also the primary information exchange channel in HCI. The study (Atmaja and Akagi 2021
suggested a twstage latefusion technique for fusing acoustic and textual information. It's important to note that deep
learning algorithmsfirst train audio and text characteristics independently. The second step involves a support vector
machine (SVM) that predicts the final regression score based on the outcomes of the deep learning systems' predictions. Thq
paper (Li et al 2021) developedcompact network model for instantaneous emotion classification, to identify emotions in
students'facesin reattime. TheHClhas benefitedgreatlyfrom the developmentof the detection of facial expressionshich
has been boosted bthe useof deep larning technology. Theesearch (Heracleous et 2020)identified multilingual speech
emotionsusing authentic emotionadpeech thathasbeen takenfrom Englishjtalian, and Spanish movies. The information
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fusionbased approach resulted in a 73.3% unweighted average recall (UAR). This outcome is encouraging and outperforms
the UAR determined by evaluation by humans.

3. ProposedMethodology

In this paper, we propose an innovative NA3SONN technique for categorization. The suggested block diagram is shown in

Figure 1.
\i; Data pre- . 2
X processing using Feature extraction using mel-
Data collection Normalization frequency cepstral cofficients

and chroma feature

Spoken emotion recognition
using Neuro Fuzzy Swallow
Swarm Optimized Deep
Convolutional Neural Networks
(NFSO-DCNN)

Pz
O
Performance
analysis

Figurel Blockdiagramof proposed.
3.1.Datacollection

The initial dataset for the Ryerson Audiisual Database of Emotional Speech and Song (RAVDESS) consists of 7356
files, including video and audio recordings of speeches and songs. It was chosen to utilize thedtaggld version of the
dataset since our study relies on voice and the initial data set size is rather enormous at 24.8 GB. All of the audibidiles i
edition of the dataset are 16it, 48kilohertz.wav speech files. There are a total of 1440 vadgepdes in this dataset, with
preparations madéy 24 distinctactors andlL2 male andl2 female changer§hereare 60iterations for eactactor, resulting
in 1440 files rather than 7356. Due to the absence of video content, the information amount is dedonca more
manageable 590 MB. To enhance efficiency, song files are additionally incorporated into our application. The song has 101
files and encompasses feelings of fear, sadness, happiness, calmness, and anger. Actor 18's song file is missieg. Therefc
there are 2452 audio recordings of emotions in the collection. The dataset was built using two neutral North American
accented speeches to reduce the impact of words and increase the focus on emotions. The name of files also include:
identifying codedor things like modality, voice channel, emotion, emotional intensity, statement, repetition, and actor.

3.2.Preprocessingf Normalization

The goabf thefield of studyknown as HCI is toreate machines that can identify amtterpret human emotions from
speech. Emotion identification relies heavily on the-precessing of speech signals for accuracy and reliability. Collecting
high-quality speaking data is the starting point of the gmecessing phase. To accomplish this, samples of spoken language
must be recorded using suitable equipment in sterile settings free of distractions. To guarantee the system's efficacy in a
wide variety of settings, the datgathering procedure must contain a spectrum of feelings shown by individuals from many
different grows, cultures, and language backgrounds. To minimize differences across speakers and recordings without
compromising the feature's capacity to discriminate, feature normalization is a critical process to do. To improve the
features' capacity to generalizégature normalization is used. Both the function and the corpus levels are available for
normalization. Among normalization proceduresnarmalization is the most common. The formula fenamalization,
given the means [ and standard deviations of theags:

s W
A= — €y
3.3. FeatureExtractionby usingMel-FrequencyepstralCoefficient§MFCCand ChromaFeature

Feature extraction makes extensive use of the NumPy libraries, Libros, and Pandgebtalm pictures were also
acquired for use with a convolutional neural network; however, the outcomes were insufficient for processing. Images of
spectra are not processed, but rather edamensional characteristics are collected.

3.3.1.Mel-FrequencepstralCoefficient§MFCC)

A speech recognition system's initial stage is feature extraction, which reveals the parts of an audio signal most suited
for recognizing language while filtering out irrelevant parts (such as emotion, and noise). MFCC is among tae popu
methods for extracting features. The audible path falls within the scope of the-sdont power spectrum. MFCCs are used
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to represent this limit. MFCCs were first created by Davis and Murmelstein in the 1980s for use in the t@utoma
identification of speakers and recognition. The Nrelquency Cepstrum is a linear cosine transform of a log power spectrum
on a nonlinear Mefrequency scale that represents the sound's skerim power spectrum. The cepstral representation of
the audo sample is included in the Mélequency cepstral coefficients. The MFCC differs from a standard Cepstrum in that
its frequencybandsare equallyseparatedon the Mel scale, simulatinghe regularlyseparatedoandsof frequenciesobserved

in aconventional spectrum, more closely resembling how the human auditory system responds.

3.3.2.ChromaFeature

Chroma features are an interesting and powerful visualization of musical sound, in which the spectrum's
characteristics are displayed in 12 separate bakes correspond to the 12 halftones that make up a musical octave. It is
possible to successfully classify musical instruments and sounds according to pitches using-bawedndeatures,
commonly known as pitch class profiles. The harmonic content oflithited audio frame is intended to be reflected in
particular through chromatic qualities. Chroma characteristics are connected to the concept of harmony in music and could
be very resilient despite changes in volume and pitch. The chroma feature veotmstantQ transforms (CQT), chroma
energy normalized statistics (CENS), and stime Fourier transform(STFTare someof the methods used t@nalyzemusic.

3.4.NeuroFuzzyswallowSwarmOptimizedDeepConvolutionaNeuralNetworks(NFSEDCNN)

The termneurakfuzzy describes a hybrid computing framework that combines the benefits of neural networks with
fuzzy logic systems. While neural networks are great machine learning models for recognizing patterns and making
approximations, fuzzy logic systems great at handling uncertainty and imprecision in data. In a ndumzy system, the
language variables and fuzzy sets used to describe and modify uncertain or subjective information are managed using a rule
based method provided by the fuzzy logic systdmzzy logic is a method of thinking and making decisions based on
incomplete or ambiguous data that allows for the modeling of fuzzy concepts.

The swallow swarm drives the main concept of our innovative optimization approach. This method uses three
different kinds of particles.

U Exploremarticle(ei)
U  Aimlesgarticle(oi)
U Leadeparticle(li)
Theseparticlesare constantlyinteractingwith oneanotherasthey travelin paralleldirections:

3.4.1Exploreparticle

The exploration particles include the majority thife colony's people. Their primary role is to investigate the issue
domain. If this location is the most important one in the issue space, this particle acts as a Head Leader (HLi) by simpl
directingthe groupthere with theuseof a different sound.However, whena particleis beneficially situatedn comparison to
its surrounding particles, this is known as a local leader (LLi); else ei valuing VHLI, VLLIi, and experience of the oppositio
both of these carrying creates an arbitrary move.

3.4.2 Aimlesgarticle

The particulates do not initially have a favourable location for different particles, and the magnitude they havs f (o
poor. Their objective is to conduct a haphazard and enquiring search. They proceed to move at random and were unrelated
to HL and LLIs positions.

3.4.3Leaderparticle

In the SSO algorithm, there are a few particles with the designation Leader. In a colony, the most powerful leader is
called the Leader Head, and there are numerous smaller leaders known as Local Leaders.

Garar = Qo | ol 00 (Qao D+ 8ol BRO(De B ()
e = Wiet | ool GEQQ) (Qao B+ Opsl (EQ(O(000 @y 3
Where, VL= velocity of a local leadernMV=Velocity of headeader, @es= best position of the explorer particlei=e

current location of the explorer particle
Recalculatehe speedusingthe currentformula,

Wa1 = Ogyer + Wyar (4
Theparticle'sworth isevaluatedas:
QG = Qo g ®)
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In the field of artificial intelligence, DCNNs are a special kind of neural network developed for handling and analyting visu
input like photographs and movies. Convolutional Neural Networks (CNNs) Rired 2of artificial neural network that
performs complicated tasks such as pooling and convolution over several layers of data. DCNNs are an example of multilaye
neural networks thatypically havean inputlayer, aconvolutional layera pooling layerand anoutput layer.Two such layers
that are concealed are the layer of convolution and the pooled layer. The relationship between layers in a DCNN is an
explanation of the propagation that occurs between its input layers to the output layer. To avoitahdacks of a model
based orlinearity, it isnecessary t@nhancethe activity of neurons ineverygroupusinga measureof irregularactivity in the
forward process. There are no activation functions in the first layer since it merely gets pronounuexsitins from the
data. Starting with the second layer's use of nonlinear functions for activation, they may write down the expression for the
Ith layer's output as follows.

o= G4z 6§ L+ G

=, (e, ©

Wherel is the layer number and the processof convolution* is symbolizedby a symbol.Forl=2,the visualvectoris
¢s e=x, and for | > 2, the generated characteristic mapping vector for the (12)th layérlis ¢ 1 =, (¢¢1). Load vector
W, biases vector'pand balanced inpuf all pertain tothe k layer, whereas is thg neuralstimulation value. If Layerikthe
ultimate exit layer, then s the true production vector.

Parameters of Wand B are often repeatedly updated using the backpropagation (BP) algorithm, an automated
learning approach. It constructs a cost estimator from the observed and expected amounts and subsequently employs
gradient descent (GD) to adjust the parameters in the patla ofegative gradient of the expense equation. Here's how it
goes down stefby-step in detail.

3.4.4CostFunctionSelection:

Error cost functions are often chosen as quadratic functions. It is possible that correcting a mistake made by the
neurons duringDCNN training would take some time. As a result, instead of using a quadratic function as the error cost
function, we use cross entropyE Where N is the number of neurons in the result layers and n is the total number of

training sets.Asa result, DONN is eventuallyseparatedinto N classesThekth output layer neuron'sactual output valueis
representedoyod , whereasits desiredvalueis representedbyd.
] v

00="Bt BY [FO@+(1 NV ) @)
0 T el Gl Q Q Q Q

3.4.5Calculatiorof ErrorVectors:

Theerror vector for the kth neuronin the product stagehasbeen establishedfor all layersand is representedas
follows:

¢KS o1 O1 LINRLI I dNAESE RS G120 Ytk NEBO NBIAESBNED 64 $ NRB RUDOVEARIZ y 8
1 o0f b MO Aa GKS BSHNMRMIOS&IZNE SANE NEELSOKAWPRE® ¢KSys |
is written as follows:
“l 1= (b1+1 +‘] 1+l(’j "ee(z]d)’ (9)

Thegradientsof W andb' are _0 and_%’ correspondinglyK (-) standsfor the action of partial derivatives.Reduced
— e

w
Equivalenbf (E) to Wandb' canbe proportionalto Equationss and 8
¢ 9 @
—9=-204— =1 1& o
o To } (o)
0= 06 —=1"

&~ w? e
The revised estimates of whd Bl NB OK I NI O &N HoftRe optignal kotution is obtained by reducing
the sum of all possible jobs in each scenario.

. d
wa= — 0
w
. a3 (12)
o = — 0

Where' denotesthe learningrate
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4. PerformanceAnalysis
4.1.Results

In this part, the suggested system's effectivenessvisluated. The performance indicators used for assessment are
accuracy, precision, recall,-fhieasure, and efficiency. Classical Support Vector Machi®/(@), Fully Connected (FC), and
Decision Tree (DT) are the existing methods used for comparison.

4.1.1.Accuacy

A difference between the result and the true number is caused by inadequate precision. The percentage of actual
outcomes reveals how balanced the data is overall. Accuracy is assessed using an equation (12).

TP+TN

Accuracy= (12)

TP+TN+FP+FN

Figure 2 shows the comparable values for the accuracy measures. When compared to existing methe8%Nke C
which has an accuracy rate of 94.31%, DT, which has an accuracy rate of 95.09%, and FC, whictdhasacy rate of
97.58%, the recommended method's NFBONN value is 99.3%. The suggested NIKSIN performs with higher accuracy
than other methodsTable 1 displays the proposed method's accuracy.

100
80

60

Accuracy (%)

20 4

C-SVM DT FC NFSO-DCNN [Proposed ]
Figure2 Accuracycomparisondetweenthe suggestegndcurrentapproaches.

Tablel Comparisorof Accuracy.

Methods Accuracy(%)
GSVM 94.31

DT 95.09

FC 97.58
NFSEDCNN Proposed 99.3

4.1.2.Precision

Themost crucialstandardfor accuracyis precision,it is clearlydefinedasthe percentageof properly categorizedcases
to all instances of predictively positive data. Equation (13) is used to compute the precision.

Comparable values for the precision measures are shown in Figure 3. This proves the suggested strategy may provid
performance resull that are superior to those obtained by the current study methods. The precision of the proposed
approach is 99.42%, which performs better than existing outcomes. Inchk®e¢M; DT, and FC precision rates are 95.2%,
95.94%, and 98.05%. Table 2 shows trezision of the suggested method is contrasted with the existing methods.

Precision=

(13)

TP+FP

Table2 Comparisorof Precision.

Methods Precision(%)
GSVM 95.2

DT 95.94

FC 98.05
NFSEDCNN Proposed 99.42
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Figure3 Precisiorcomparisons betweethe suggestedndcurrentapproaches.

4.1.3.Recall

The potential of a model to identify each important sample withidata collection is known as recall. The percentage
of TPs divided by the sum of True Positive and False Negative is how it is statistically defined. The recall is caiieglated us
equation (14).

Recall=

TP+FN (14)

Figure 4 shows the comparative data for the recall metrics. Recall ratesS¥iMCare 94.42%, DT 95.93%, FC 97.99%,
and NFSE@CNN 99.5%. The proposed method performed better than the current results with a recall of 9al8é63, the
recall of the suggested method is contrasted with the existing methods.

100
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Recall (%)

20

C-SVM DT FC NFSO-DCNN [ Proposed ]
Figure4 Recalcomparisondetweenthe suggestecindcurrentapproaches.

Table3 Comparisorof Recall.

Methods Recall(%o)
GSVM 94.42

DT 95.93

FC 97.99
NFSEDCNN Proposed 99.5

4.1.4.F1-Score

The Fimeasure is often used while assessing information. It is possible to alter thee&4ure so that accuracy is
prioritized above recall, or vice versa. The recommended technique has a higher IEltehe&sure when measad against
the currently used methods. In Figure 5 therRgasure of the suggested method is contrasted with the traditional methods.

27 (i KYOE 2 1 AER)

as= (i UHTOE +1 Q) (15)
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Figure5 F1-Scorecomparisondetweenthe suggestedind currentapproaches.

Whencomparedto existing methodsike GSVM, whicthas anFl-measureof 94.81%, DT, whidmasan F1-measureof
95.96%, and FC, which has annkdasure of 98.82%, the recommended method's NE®XDIN value is 99.67%. The
suggested (NFSDCNN) performs with higher accuracy than other methods. Table 4 displays the proposed method's F1
Score.

Table4 Comparisorof F1-Score.

Methods F1-Score(%)
GSVM 94.81
DT 95.96
FC 98.82

NESEGDCNN Proposed 99.67

5. Conclusion

In conclusion, while great progress in SER using HCI; additional research is required to raise the reliability anc
sturdiness okEmotion recognition models. Teffectivelyachievethe promiseof thistechnology and te&nsureits appropriate
and ethical usage, it will be essential to address issues relating to subjectivity, cultural diversity, delicate emotions, an
privacy. This study ainte enhance the effectiveness of a machine learning model using the Ryerson\Aigda Database
of Emotional Speech and Song, a speech dataset. There are a total of 2452 audio recordings in the collection, covering
range of emotions from happy to sach this approach, feature extraction takes up the majority of the time, taking longer
than model training. The MFCC features' mean is determined. As a result, we introduced th®8RSIdJor the recognition
of spoken emotion. Performance metrics like acayraprecision, Recall, efficiency, andrir@asure, are evaluated and
compared with existing technologies like FES\OM, and DT. SER in the context of HCI may be improved by using NFSO
DCNN. The accuracy, robustness, and flexibility of emotion detecysteras may be improved by using the optimization
skills of FSSO and the characteristic learning capabilities of DCNNs, allowing more efficient and customized interaction
between people and computers. These new research avenues will help the field aduashcealize its full potential in a
variety of applications.
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Abstract For wafer foundries to maintain high yield and quality, errorsn@nufacturing wafers must be identified ar
corrected. To find the source of problems and increase overall yield, defect pattern recognition (DPR) is e
Nevertheless, mixetype DPR, which includes identifying numerous types of flaws at once, poses difficulties
because of the variety of spatial features, the unpredictability of flaw patterns, and the fluctuating amount of
present. So, a novel joint attention skipped graph convolutional neural networkGIABN) technique is suggested finst
paper to analyse the difficulty of mixegipe DPR. The JASCNN effectively captures locally as well as glok
interconnections among faults on a wafer by fusing the strength of GCNN along with focused processes-GGRN
facilitates the learnig of complicated fault patterns by allowing information to propagate across multiple layel
utilisingskipconnectionsWe do trials on the MixedWM38WaferMap dataset, which containsvariety of defecttypes,to
assess the proposed technique. The oumes show that when compared to cuttireglge techniques, the JASCNN
performs better. It successfully detects various faults and performs defect classification jobs with high accuracy.

Keywords:Waferfoundries,manufacturing DPRJASGCNN

1. Introduction

In the industry associated with semiconductor production, effective miypé wafer defect pattern detection is
essential (Piao 2023). The identification and categorization of flaws on semiconductor wafers have gotten harder as
electronic circuitry contines to get smaller as well as more complicated. Wafer flaws may result in reduced product quality,
a lower production yield, and greater expenses. To entueefficiency and dependability agemiconductor equipment, it is
crucial to create fast and presg flaw pattern identification systems (Wang et al 2023). Problems in the production of
semiconductors can come from various factors, including contaminants in the raw materials, processing variances, device
problems, and employee mistakes. Particles, dgejgollution, pattern aberrations, and electrical malfunctions are just a
few of the ways these flaws might appear. Errors can also display a variety of traits, including dimension, form, color,
appearance, and location in space (Bi et al 2023). The pecesef different defective categories on the same wafer or in a
specific area is called the mix¢ghe nature of wafer defects. That renders the flaw identification technique more difficult
because it may not be possible for one flaw identification mettmdorrectly identify and categorize every type of problem
(Ansari et al 2023). Improved computer vision, machine learning, and other algorithms must be used along with numerous
methodologies for the successful identification of mixggde faults. Identiftation of the characteristic features of mixed
type wafer defects has advanced significantly in the past few decades (Lin et al 2023). Novel ways that integrate deep neurs
networks with conventional methods for image processing have been created by rmadend technologists. These
methods use neural network power to extract relevant characteristics from semiconductor imagery and accurately diagnose
faults

In summary, by efficiently identifying and correcting productmncess problems, the JABCNN telenique shows
the potential in improvinghe yield and qualityof wafer fabrication. By addressing th#fficulties associated with mixetype
DPR, it offers wafer foundries a useful tool to enhance their defect identification and rectification processdsing in a
greater overall yield and better product quality.

The rest of this paper is as follows part 2: a literature review, part 3 contains the proposed method explained; Part 4
includes the results and analysis; and Part 5: discusses the conclusion
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2. RelatedWorks

Paper (Jin et al 2019) offered an innovative structure for wafer bin map (WBM) defeetitern recognition and
categorization using groupingThe study introduces the DBSCANWBM framework, a revolutionary DBE&GSAMN fault
feature identification and categorization system. In most defective pattern identification analyses, finding outléers an
imperfect recognition of patterns are considered separately. Not all aberrations thatesme are deleted, as outliers in each
kind of design can provide varied essential data. The study (Yu et al 2019) proposed a deep learning model with a hybri
approach that can extract useful unfair characteristics from wafer maps using a deep network structure. To improve wafer
map pattern recognition (WMPR) in semiconductor manufacturing, that work introduces a novel learning technique called
stacking convolutionmarse delousing autencoder (SCSDAE). On the model andweatl wafer map databases, SCSDAE
outperforms those regarding identifying outcomes.

A study (Saglain et al 2019) identified wafers mapping fault structures in the semiconductor manufacturingsproce
they proposean electoralgroupclassifierin that study. In their researchthey put forth multi-type ensemblebasedclassifiers
for recognizing wafer map defect patterns, and they tested them on real data. To aggregate individual outcomes and get an
overall group classification result, theeighted averaging agentle voting ensembles techniqueas applied. Paper (Wang et
al 2019) proposed mixetype Defect deformable convolutional network (DCN) pattern recognition (MDPR), where multiple
kinds of impefections are combined in a wafer. After choosing data from mixed faults, an adaptable convolutional unit is
developed for identifying characteristics of outstanding standards from wafer maps. -lslodi layers of results are
improved by a rapid decodingethod that isolates and extracts composite features into each essential defect. The study's
findings demonstrate that theesearch DCN model exceeds other machéaning simulations, both established and rival. A
study (Koand Koo 2023) proposed clagsdtion neural network technique's feed will be a new firiienensional array. The
principle ofpersistent homologous frorthe topologystudy ofdatawas used t@resentan original approackor categorizing
wafer defect patterns. The enhancement of thabcessing technique to make the generated vectors compatible with the
uncontrolled clustering methods is an intriguing area for additional study.

The article (Jeong et al 2023) proposed a brapd/ rotationat and flippinginvariant approach predicated othe
identifyingtenet that the wafermap imperfection structurdas nobearingon the revolvingandflipping of labels,resultingin
classes discriminating performance under conditions with limited information. The technique achieves topological
consistency by using a convolutional neural network (CNN) backbone along with a Spectral translation and kernel flip. Stud
(Jeong et al 2023) achieved categdigcriminating effectiveness in scenarios with limited data. They offer a unique
rotational and flippinginvariant depending on method on the identify internet that the wafer map flaw patterns do not
influence the revolving and flip of labels. The technique incorporates a kernel flip, Fourier changes, and a convolutional
neural network (CNN) framewk to achieve geometrical invariance. For translafiovariant CNNs, the Specter element is a
rotation- equivariant linkup, and the kernel flip module makes the algorithm -flipariant. Through numerous different
types of testing, they confirmed themethodology. To correctly explain the model choice during qualitative analysis, the
proposed multibranch layeiwise significance dissemination. By successfully guaranteeing rotational and flip invariance, the
suggestednodel providesgoodperformancefor detection,evenin scenarioswith little availabledata. Study(Shihet al 2020)
provided a novel method for expressing the geometry of the defective as a-fiimtensional vector, pattern, the results
which will be fed into an identification neural netwomethod. The major goal is to use topological data analysis (TDA) and
the notion of persisting homologous to identify the topological characteristics of each arrangement. Through certain tests
using asynthetic dataset, they demonstrate th#ite suggeste method outperforms themost popularmethod for classifying
wafer map defect patterns, which uses convolutional neural networks (CNN) regarding training speed and efficiency with
greater precision.

Research (Kim et al 2020) provided a technique for ptiedjavafer aspect yield using a emulate that integrates long
term and shorti SNIY YSY2NEB O] {R2aNB I INNRR yISdINF $SRSi62N] O6CCbbuéd L
concentrate on the aspect yield due to the larger produce loss near the wafacayield. They just offered a model for
predicting edge yield. Therefore, it is important to investigate an analytical expansion of total yield forecasting. The stud
outcomes demonstrated that in assessment measures, the network of neurons beat teeretiression approaches. Study
(Shawon et a2019) creation ofmultilayerneuralnetworks isanimproved versiorof earlierresearchers' workA singlewafer
map can represent many pattern flaws in regioased modeling. Geographical pattern analysis éaployed Knearest
neighbor classification. They have demonstrated addpth CNN topology with data enhancement that solves the issue of
information disparity and outperforms earlier research methods.

3. ProposedMethod
3.1Dataset

The Dataset is the basis four study. There is 31K wafer maps, including pictures created naturally and artificially.
The wafer map's form may vary due to design heterogeneity. So, we crop all wafer phat@d25 size. Depending on the
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31 classifications for the wafer maps, a wafer map's kind and quantity of faults.-®hi&tgategories total; the normalass
has no responsibilities, eight categories have a single distinct defect, and the rest categories have different individually
acknowledged mixtures of individual faults.

3.2 Preprocessing

The median filtering method is frequently used in wafer map prdogs® improve the accuracy of the information.
Every pixel in the wafer map is replaced by the median value of its neighbours as part of the median filter's operation. With
the help of this method, noise and outliers are significantly reduced, leadiraygmoother and more precise wafer map
description. Extreme fluctuations and artefacts can be removed using the median filter, making it possible for subsequent
evaluationandfault detection techniquego function more dependably Themedianfiltering method is particularlyusefulfor
wafer map preparation and quality improvement since it can maintain edges and fine features.

3.3 JointAttention SkippedsraphConvolutionaNeuralNetwork(JAGCNN)

A cuttingedge method for identifying mixetype wafer flawpatterns Joint Attention Skipped Graph Convolutional
Neural Network (JAGCNN). To efficiently analyse and categorize wafer flaws, our-edtfengeural network model blends
the strength of convolutional networks with graphs with focus processes. Wafectpétterns are frequently intricate and
varied,with flawslike scuffs, particulatesand abnormalities.Conventionatonvolutionalneuralnetworks(CNNshavea grid-
like layout that ignores the fundamental graph structure of the flaws, making itdifffor them to accurately represent the
complex interactions between these faults. By including graph convolutional components, which enable the modelling of
graphsstructured information, the JASGCNN gets over this restriction. The spatial interadoéitwsen adjacent faults are
captured by the lines connecting each defect's nodes in a graph.

The JASGCNN can efficiently capture the connections and interactions among various defect kinds, improving
recognition performance. This is accomplished by utiizjraph convolutional layering. The JASGCNN also includes a system
for attention that, while classifying defects, dynamically balances the significance of various flaw nodes. The network can
concentrate on the most important faults and reduce the impattuaimportant or noisier errors thanks to this focusing
technigue. The JASGCNN strengthens the model's unfair ability and increases its capacity to precisely identifpeanixed
defect patterns by paying attention only to informative defect nodes. Ovettafl, JASGCNN is a powerful and reliable
method for wafer defect pattern identification. It efficiently models the graph structure of mtypd defect patterns by
utilizingthe advantages offraphconvolutionalnetworks andattention processes, whicimproves classificatioaccuracy and
resilience in practical wafer analysis tasks.

4. Result

Accuracy is a metric for how well a model forecasts the results or labels of a specific dataset. It is computed by
dividing the total number of forecasts made by the numioé accurate predictions, commonly expressed as a percentage.
Figure 1 depicts the accuracy outcome. The value obtained using our suggested approd8GNM\$ superior to that of
the currently used methods (AGGECNECN). This demonstrates that ouecommended strategy successfully identifies a
Mixed-Type Wafer Defect Pattern.
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Figurel Outcomeof Accuracy.

A statistical parameter called precision assesses the categorization or prediction model's accuracy. Out of all
occurrencesanticipatedto be favorable(true positivesplusfalsepositives) it calculateghe percentageof correctlypredicted
positiveinstances(true positives).The value obtained usingour suggestedapproach(JASGCNN) is superiorto that of the
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currentlyused methods (AGGENSCN). This demonstrates that our proposed strategy successfully identifies a Niiyzsl
Wafer Defect Pattern.
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Figure 20utcomeof precision.

Recall, also called sensitivity or true positive rate, quantifies the percentage ofvpositcurrences the model
properly accepted. The ratio of true positives to the total of true and misleading negatives is computed. When compared to
the existing employed approaches (AGGGBLCN), the value produced using our proposed method (GENN) is higher.

This shows that our proposed way is effective in locating a Mixguk Wafer Defect Pattern.
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The F1 score is sometimes referred to as thecdie or Fmeasure. F1 score is defined as the harmonic mean of
precision. Wien compared to the existing employed approaches (AGGGHAN), the value produced using our proposed
method (JASGCNN) is better. This shows that our proposed way is effective in locating a Miyed Wafer Defect Pattern.
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5. Conclusion

To preserve excellent output and quality in wafer manufacturing facilities, defective pattern recognition (DPR), a
difficulty in wafer production, is addressed in this study. Due to the various spatial charactenstegected defect
patterns, and different flaw quantities, mixagipe DPR, which includes identifying many types of flaws simultaneously,
provides extra challenges. The research suggests a unique strategy known as the joint attention skipped graplioo@hvolut
neural network (JASCNN) to address these problems. By combining targeted procedures with graph convolutional neural
networks (GCNN), this method efficiently identifies local and global relationships among defects on a wafer. Using skip
connectionsthe JASGCNN enables data transmission across various levels, facilitating the development of intricate defect
patterns. Acquiring a larger and more diverse dataset with annotated defect patterns can enhance the model's ability to
generalize to differentypes of flaws and improve its overall performance.
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Abstract This randomized IDEAL stage 2 clinical trials examined the safety and efficacy of a novpoHiffigieble robot
for transoral robotic surgery in patients with benign and malignant head and neck tumors. Rates of conversi
perioperative problems whin a month of surgery were the main objectives. The Fisher's exact test and the-|
Whitney U test were used in the statistical analysis, which usedauye of 0.05 or less to determine significance. W\
the use of the da Vinci SP technology, 25tipgrants got TORS that allowed them to swiftly enter their nasophar
oropharynx, and hypopharynx. Notably, there were no serious complications or unfavorablerebditet occurrences
throughout the 3@day followup period or any modifications to theobotic surgical equipment. The novel singlert
flexible automated device demonstrates both security and practicality for carrying out transoral endoscopic proc
for head and neck conditions; based on this possible IDEAL stage 2 clinical triaisygabacessibility to sever:
anatomical regions, such as the larynx, oropharynx, nasopharynx, and hypopharynx.

Keywords:robotic surgery singleport flexible,clinicaltrial, headandnecksurgery

1. Introduction

The American Food and Drug Administrat{®fA) approved the first generation of rigid robotic surgical systems to
treat T12 oropharyngeal tumors, and these systems have subsequently been applied with little surgical morbidity or death
(Olaleye et al 2022). Nevertheless, the initial setup hadagemdrawbacks, including the inability to concurrently use all 4
measurements due to the size and rigidly straight alignment of the gadgets and the challenge of docking the individual's side
carts (Egberts et al 2017). To deal with these problems, a bmamd flexible singlarm robotic surgery mechanism
Preclinical techniques for transoral surgical robotics have reported other technological advancements to this automated
technology. This newystemfits 3 sixmillimeter devices and a stereoscopic bincmutamera insida 2.5centimeter circular
cannula. The elbow joint on the six millimeters instruments gives them flexibility (Wang et al 2022). They resemble snakes
andlook similarto the five-millimeter multiport Endowristdevices With enoughtreatments, the flexiblerobot armsallow for
the introduction of the machines into the oral cavity to the larynx, hypopharynx, and oropharynx (Tateya et al 2018).

Head and neck surgery is a difficult discipline that calls for accuracy and meticulousreessute the best patient
results. Recent developments in robotics have created new opportunities for less invasive surgical procedures, providing
several benefits over conventional methods (Tonutti et al 2017). The giogteflexible robots technologysia ground
breaking platform that combines the benefits of robotic surgery with improved flexibility and fewer incisions. With the help
of this cuttingedge equipment, surgeons may perform procedures with more accuracy and skill beyond the constraints of
traditional laparoscopic and open techniques (Ashrafian et al 2017). The practicality and security of this upgraded,
innovative, flexiblesinglearm robotfor transoralendoscopicsurgery othe head andNeckwas thesubjectof the first clinical
study,the findingsof which are presented hergParket al 2020). This robotisystemgivessurgeons detter field of viewand
more maneuverability by merging cuttirefige imaging technology and extremely flexible tools, improving their surgical
abilities.

This study evaluated a revolutionary singpert flexible robot for transoral surgical operations for clinical viability and
reliability.

Theremainderof the paperis dividedinto subsequenfparts. Part3 containsthe method explained.Part4 includesthe
resuts, while Part 5 discusses the conclusions.
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2. Relatedworks

In the research (Chan et al 2017), inifimidings from a phase 1 safe and practical clinical trial on the preliminary
clinical application of new robotics for transoral surgical operations were presented, and a prospective clinical trisg¢dvas u
for the research's design. The study's methodadsgincluded longerm study phase 1 clinical trial, open innovation,
development, exploration, and evaluation. With an emphasis on budgetary difficulties, ongoing clinical studies, and the
contentious topic of haptic and tactile input, the study (Friedrithal 2017) reviewed the current practical uses and
experimental breakthroughs for surgical robotics in the head and Neck. Analysis (Ross et al 2020) summarized the body ¢
research on energy distribution in TORS and identified potential areas for furthevation. Studies on energy delivery in
TORS were looked for in the 2019 MEDLINE database. To assess the usability and viability of this structure in the context
transoral robotic surgery (TORS) for laryngeal surgery, a study (Ross et al 2018)) thiéefiest four examples using micro
phonological tools created expressly for use with the Med robotics Flex framework, dlegifslie "robotic" technology.

To evaluate the reliability and efficacy of Transoral Robotic Surgery (TORS) to open an mp#ratiexperiment
(Rosello et al 2020) contrasted an accessible, comprehensive literature investigation. It carried out a systematic theiew of
literature that was already there to assess TORS's safety and efficacy in comparison to open surgicalgstotezhsoral
radical tonsillectomy and retropharyngeal lymph node evaluation were performed using a revolutionary flexibleagimgle
robotic (Tsang et al 2018). Study (Boehm et al 2021) evaluated the potential applications of RAS in head and ngck surger
the industries wherét is already widely employed, and tlaelvantages it offers over conventional operation. Study (Remacle
and Prasad 2018) looked at a special sipgle smaltincision surgical technique that may be used in combination with
traditional transoral laryngeal and pharyngeal tools in the oropharynx, hypopharynx, and larynx.

3. Method
3.1Researciplan

The clinical trial follows the Innovation, Development, Exploration, Assessment, Long Term Study (IDEAL) paradign
and is a phase two surgical exmetion. The institutional oversight board of the Japan University of Tokyo and the local
regulatory agency approved the study project, which was carried out in conformity with the declaration of Abruzzo.

3.2 Studyparticipants

Eachpersongavetheir signed willinglyinformed authorization. Usinghe inclusionandexclusion standards ihablel,
benign and malignant head or neck conditions were considered.

3.3 Operativeprocedure

To help with suction and hemostasis, the medical professional was seated atisele with assistance at the
individual'shead.Toaccesanyregionthroughthe cavityinsidethe mouth, the mouth hasto be contractedusinga Dingman,
Boyle Davis, or FeyKastenbauer retractor. When necessary, the lower teeth were shielded withca pieduodenum while
the tongue was pulled back usimggsilkstitch 2.5centimeter robotic portwas advanced 1tb 15 centimeters fromthe mouth
entrance before the instrument's arms and cameras were placed over the inside of the mouth and oropharynxoikesly
with, investigated, and/or treated laryngitis, or pharyngitis, and hypo pharynagitis.

3.4 Study'Objectives

The main outcomes were the percentage of patients who converted and the frequency of complications after surgery
within 30days.For this researh, a conversion is defined am urgent modification ofhe therapy strategyto open surgery or
traditional minimally invasive surgical procedures. The Clabiedo category was used to classify all postoperative
problems, including intraoperativdifficulties, as well as any complications that occurred during the hospital stay or within a
month of release. Major problems were defined as Claxdmdo grade Il or more serious difficulties. Other important
postoperativeresultssuchasoperatingtime, predictedlossof blood, pain ratingon a visualanalogscale hospitalstaylength,

Excision margins, and swallowing capacity according to the MD Anderson Dysphagia Inventory had been added as addition
objectives.

3.5 Statisticevaluation

Comparing dataets that are parametric and negwarametric was done using the e$guared test, student-test, and
MannWhitney U test, respectively. Details that are parametric, panametric, and classified. The multiple measurement
statistical variance analysis withost hoc pairwise contrasts and the Bonferroni correction was used to investigate
longitudinal variations in the mean quality of existence. In statistics, asided P value of 0.05 was regarded as significant.
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4. Result

Twentyfive individuals were recruited in the experiment, and neither additional surgical techniques nor conversions
to alternative robotic systems were made. Table 2 shows that the majority of respondents were men of Japanese ethnicity
and previous smokers. The particular diagnoses are displayed in Table 3; malignant pathology was present in eight instance
and benignpathology was seen in 13 situations. The oropharynx was resected transorally in the vast majority of patients. 5
individuals who had oropharyngeal squamous cell carcinoma (SCC) caused by the human papillomavirus (HPV) underwe
lateral oropharynx ectomyHgure 1 (A)). 1 individual received a unilateral tongue base excision and had an unknown
primary. Additionally, a retropharyngeal lymph node excision was performed concurrently on one patient who had-an HPV
positive tonsil primary. The individual withétHPV negative SCC had previously had radiation treatment for nasopharyngeal
cancer. One of the 2 individuals suffering from laryngeal SCC had an evaluation of the lesion while under anaesthesia (Figu
1 (B)). Another patient underwent a transoral comgléaryngectomy excision with a tracheostomy for a first laryngeal SCC;
the procedure was effective and had no adverse effects. (Figure 1 (C)). Then, local excisions were used to treat tbe lesions
the nasopharynx and hypopharynx. To achieve a full excisf the papilloma, utilizing a mucosa tube, the lesion in the
hypopharynx was excised.

Tablel Researchinclusionand exclusiorstandards.

InclusionCriteria

ExclusiorCriteria

1 ageof 18 orunder
T BMI less than 35 kg/m2

1 appropriatefor minimallyinvasivesurgeries

1 Consenthat hasbeeninformedandprovideddemonstratesadesire
to engage

w Themedicalprofessionabelievessufficientcontactwith the surgical
site exists to continue the treatment.

1 Nasopharyngealancerwith localizedrecurrenceof T1/2

9 Oropharyngeatancer,T1/T2

1 oralcavitycancerin the posteriorthird of the tonguethat isT1/2and
prevents pulthrough or mandibulotomy from being necessary

1 Obstructive sleep apnea (OSA) that is severe, moderate, or mild,
along withsnoringandbenignoropharyngeal lesions, endoscopic
sleepstudieshavedemonstratedthat Significantingualcauseof
OSA include epiglottic retroflection and tonsil hypertrophy.

1 MainsupraglotticT1/2 cancemwith NO/1/2anodalsicknesstecurrent
laryngeal T1/2/3 cancer, primaglottic T1a/1b/2 cancer, and
harmless laryngeal illnesses

1 bilateralvocalcordpalsythat is permanent

1 Anytype of hypopharyngeal dysplasiaswell ashypopharyngeal
carcinomawith a posteriorpharyngealvall, T1/2 lateralwall, and
NO/1/2a nodal disease after grading

1 Inheadcancer just oneretropharyngealymphnodeisfound.

1 Generalanaesthesias notrecommended

1 severecomorbidconditionthat substantiallyreduceshe
lifespan or raises the need for medical treatment

1 aggressivénfectionuntreated

9 Coagulopathyhat cannotbe reversed

1 Additionalcanceror distantmetastasess present

1 immediatesurgery
1 vulnerable groupf people

1 Seriouslrismus

1 Pregnant

1 RecurrenfT3lesion,internal carotid artery engagement

1 T3/4 oropharyngeatancerwith carotidarteryinclusion

1 Remodellingvith afree flapis necessaryor T3/4oral
cavity cancer.

1 Sleepingendoscopyrevealedno oropharyngeal

componentto OSA.

1 Baselinaspirationon clinicalexamination,Clinicapoor
results that included baseline aspiration, a lack of
physical stamina, and primary T3/4 supraglottic
malignancy.

1 Bilateralvocalcord palsythat is curable

1 significantmedialwallinfiltration of the pyriformsinus
and engagement of the pyriform apek3/4
hypopharyngeal cancer, N2b or above neck iliness

1 Thecarotidartery, severaketropharyngealymphnodes,
variouslevelsof nodalparticipation, andhe presenceof
the prevertebralfasciaare all present.

The CroweDavis retractor exposed 2@eople, the FRNO retractor exposed 3 people, and the Dingman retractor
exposed one patient; blood was estimated to flow at an average rate of 40.2 milliliters per minute, docking took an average
of seven minutes, operations took an average of 63 minuaesl hospitalizations were an aggregate of 11.3 days. Table 4
displays the functional results for pain and swallowing for persons with recurrent oropharyngeal squamous cell carcinoma.
Eight patients had postoperative issues unrelated to the use of the mbbtbroken right lower tooth in the fourth case
required dental counseling due to earlier exposure to radiation and inadequate oral hygiene.
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Table2 Thepopulationunderresearch'slemographics.

Variable N (%)
Gender Male 17(71.6)
Female 8(28.8)
Alcoholic Yes 5(14.5)
No 19(85.9)
Smoker Current 7(23.9)
Exsmoker 12(47.8)
No 8(28.8)
ClavienDindo Grade's | 7
complications Il 3
lla 4
Subsite Nasopharynx 2
Oropharynx 16
Larynx 6
Hypopharynx 3
Age Median(Range) 62 (41¢75)
Civilization Japanese 21(90.6)
Europid 2(4.9)
Sinhalese 2(4.7)
Table3 Samplespathologies.
Site Pathology n %
Nasopharynx
Lymphoidtissue 1
Larynx
SCC 3
Supraglottis Fibrosisandlymphocyticinfiltrate 2
Oropharynx
Tonsil OSA 4
Tonguebase HPVhegativeSCC 2
Papilloma 3
Ulceratedmucosa 1
Asymmetridingualtonsil 2
HPVpositiveSCC 6
HPVpositiveSCC 1
Hypophyarnx
PosteriorPharyngeabvall Papilloma 1
Neopharynx Nasopharyngeadtricture 2

@

Figure 1(A) 3 tool arms are being used in a left radical tonsillectomy, (B) Examining an individual under general anesthesiaawho has
recurring T2 supraglottic squamous cell carcinoma while using a dDawie oral retractoand the endotracheal tube in position, (C)
Supraglottic partial laryngectomy in an individual who had a prophylactic tracheostomy and a T2 partial laryngectomy.
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Instance 5 experienced a 1 cm tongue laceration due to the FKWO retrettibe,instance 7 experienced a transient
change in taste during the oraonth intubation followup; case 8 reported a small vocal cord hemorrhage, 18th case had
leakage from the granulation tissue when silk sutures were utilized for restraining the toimgoentrast. In each of these
circumstances, blood loss stopped on its own during follgwisits, necessitating no medical intervention. In the 11th case,
medication was used to address drug sensitivity. fadical mild In Case 15, the procedure bleedwas controlled at the
hospital. Neither serious adverse effects nor converts happened throughout the clinical study.

Table4 Functionakesultratingsbeforesurgery.

Preoperative 2 weeks 30days

Mean SD Mean SD P-value Mean SD p-value
Pain 05 0.9 3.9 33 0.03 1.8 1.9 0.24
MDADIGIobal 77.12 33.6 62.8 35.8 0.19 71.6 304 0.79
MDADIPhysical 89.5 15.6 62.8 215 0.04 64.8 11.8 0.008
MDADIFunctional 91.6 18.2 73.9 16.8 0.03 79.6 16.3 0.04
MDADIEmotional 89.6 175 725 17.8 0.03 77.9 15.6 0.06

5. Conclusion

The Da Vinci SP security and practicality trial results show that the device is probably secure and that, because of the
multispecialty clinical research, transoral surgery employing it to reach the nasopharynx, oropharynx, and hypopharyngeal
area for treating both benign and malignant tumors is technologically viable. In order to offset the different, decreased
craniofacial measures in our group compared to others, a Cr@avis oral retractor was vitally utilized; this has been
accomplishedn a largely Southern Japanese community. We used the identical retractor to conduct a partial laryngectomy
on an individual who had a lesion that was possibly cancerous despite several sampleswdhastances demonstrate the
advantage that flexibleabotic arms have over conventional stiff, mechanical components. The existing technology has
significant drawbacks; despite the edge of the second arm, there is less room for an assistant to work, especially when it
comes to helping with pressure. This miag significantly prevented by inserting a suction catheter into the proper area
through the nasal canal. Another disadvantage is the absence of bone tools for eliminating tumors from the base of the skull
and the nasopharynx. Lastly, to improve the systesfficacy when employed on the glottic larynx, custom apparatus for
finer dissections is required.
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Abstract: Recent Interventional medicine has been radically altereceibgt luminal procedures, which céde thought of
as minimally invasive surgeries carried out within blood arteries or other hollow structures. The developm
multipurpose robot technology has enabled substantial advancements in the performance of various treatments,
to improvements in precision, maneuverability, and the outcomes for patients. In this study, we investigate the |
developments in the field of end luminal treatments and the benefits that come along with using adaptable
technology. Recent technical breakttughs in robotics and the growing emphasis on less invasive procedures have
the development of highly adaptable surgical robots. These bendable robots can navigate tight spaces, incree
accessibilityof robotic surgery anderhapsdecreasinghe numberof incisionsrequired. Thisarticle describesew flexible
surgical robot systems and discusses the most pressing technological challenges in this sector, with a focus
potential uses in end luminal surgery. Furthermore, the fa@ma force sensing oflexiblerobots, as well as thdifficulties
and recent developments in these areas, are also highlighted as important technological topics. The clinical ben
technological advancements of new flexible surgical robot systems @@ @lesented, along with their medic
applications.

Keywords:surgicakobot, endoluminalsurgery hysteresiscontinuumrobot, robot

1. Introduction

In Endoluminal procedures employ specialized equipment to perform minimally invasive medical prociedures
hollow organs or blood vessels of the body. These procedures frequently include small incisions or holes in the body that
occur naturally, obviating the need for extensive surgery and resulting in shorter recovery times and lower risks (Marino et
2021). Numerous disorders affecting the digestive system, cardiovascular system, and respiratory system are regularly
diagnosed and treated using endoluminal techniques. To observe and analyze the digestive system, the respiratory systen
or other internalorgans during an endoscopic procedure, a flexible tube with a light and camera (endoscope) is inserted
through the mouth, a skin opening, or a very small incision (Bianchi et al 2019). Endovascular operations can detedt and trea
problems including periphal artery disease (PAD), aneurysms, and venous disorders by introducing catheters and wires
through tiny incisions into the blood arteries (Race and Horgan 2021). Using endoscopic retrograde
cholangiopancreatography, diseases of the pancreas and biles adact be identified and treated. An endoscope is inserted
into the small intestine, bile, and pancreatic ducts through the mouth. Endoscopic ultrasonography is a method that
combines endoscopy with ultrasound technology to view and detect conditions @ifethe pancreas, gastrointestinal
system, and other organs (Maza and Sharma 2020). Open surgery has a variety of advantages over endoluminal procedure
including less pain, shorter hospital stays, quicker recovery, and a decreased risk of compliGd@dsgagnosis and the
patient's specific circumstances will determine the best course of action because endoluminal procedures cannot be
employed to address all issues. It is vital to consult a medical specialist when deciding on the best course afitfeatme
particular condition (Guo et al 2022). The term "versatile robot technology" refers to the creation and implementation of
robotic systems that are capable of carrying out a variety of activities in a variety of fields and applications. Byaltering
reprogrammingheir activities orbehaviors, theseobots areintended tobe versatile,adaptive,and capablef carryingout a
variety of jobs (Singh et al 2021). In industrial automation repetitive processes like assembly, packing, and materigl handl
versatile robots are utilized in manufacturing and production lines. Depending on the demands of the company, these robots
may be trained to carry out various jobs, increasing productivity and efficiency. Applications in healthcare and medicine:
Robot arebeingutilized moreoften in healthcare settings for a variety fainctions, including surgery, rehabilitatiopatient
monitoring, and drug distribution. Medical personnelmay provide accurateand effective care with the help of adaptable
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robots in the industry (Troccaz et al 2019). Automation in logistics and warehouses: Order picking, sortimgeatoaty
management are all jobs that robots are used for in warehouses and logistics facilities. This industry has adaptable robots
that can be configured to handle various product categories and change with the needs of the warehouse (Vrielink et al
2020). Robots are being used in the hotel, retail, and customer service industries. They can assist with product support,
communicate with consumers, and give information. They can also clean and maintain inventories. Versatile robots are
employed in scienti€ study and exploration for tasks including dessga exploration, environmental monitoring, and space
exploration. These robots may be made to adapt to various settings and perform certain activities, delivering useful
information and insights (Wang et 2D21). Robot technology's adaptability is made possible by many elements, including
cutting-edge sensors, clever control systems, modular architecture, and the ability to program or reconfigure the robot for
various jobs. Robots may be utilized in a vgrief applications thanks to their adaptability to diverse conditions and
situations (Steiner et al 2019)Article describes new flexible surgical robot systems and discusses the most pressing
technological challenges in this sector, with a focus on theiential uses in endoluminal surgery.

2. RelatedWorks

Research (Dagninoet et al 2022) demonstrated that the suggested robotic platform has the potential to enhance the
performance of endovascular operations, opening the door to their eventual implementaitonclinical practice.They
describe the results of an-depth invivo investigation in which their robotic platform was used to perform cannulation and
balloon angioplasty on five target arteries in four pig models. Trial results indicated a 100%sstateeand posmortem
histological analysis showed that robotic navigation resulted in less vascular stress than hand manipulation. The results o
their in-vivo studies showed that their robotic system was safe, feasible, aneeleiated for use in tis research.

Robotic platform that can bend and has a diameter of only 17 mm. A powerful continuum manipulator with the highest
resistance to distortion has been devised to counteract form distortion and deflection in payload handling. Forstaaster
teleoperation, they have devised the kinematic analysis and mapping approach. The suggested manipulator can lift 300 ¢
with a trajectory change of just 7.5 mm. Three distinct types of simulated surgical tasks have confirmed the practi€ability o
the integrated system (Hwang and Kwon 2020).

The length of time it took to do the operation (from making the incision to completing the dissection), the extent to
which tissue was removed during the operation, any complications that arose durireyithery, and the diculty in moving
the surgeon's arms about in the confined area. The present investigation verified the safety and viability of employing the
Endo Master System for colorectal Endoscopic sub mucosal dissection fE&R)eclinical setting. The systemapacity to
deal with complications including bleeding and perforation was also evaluated (Chiu et al 2021).

¢2 FaaArxad YSRAOL LINEFSaarzyltQa Ay FdzidaNB Of AyAOl f
article aims to present alear and complete picture of modern robotic gastro scopes and associated technologies. Article
(Marlicz et al 2020) provides a comprehensive analysis of the capabilities and performance of theseedggirgadgets.
Remote tele health endoscopy serviae also covered, along with the use of Al technology in robotic gastro scopes.

New surgical modalities with cuttirgdge technology, lower prices, and more compact sizes are entering the market
as robotic surgery nears a decade of widespread usage incmediFocusing on the downsizing of modalities toward the
building of micrescale surgical robots, nicknamed "micro bots,” this chapter seeks to showcase new surgical robotic
technologies (Khandalavala et al 2020).

After each surgery, a debriefing meetings held to evaluate the technology used, to improve it, or create new tools to use
in the future (Morino et al 2022).

The rapid development of flexible endoscopy has made it an invaluable surgical tool. Revolutionary advances in areas
likerobots,technobgy,and Robotics arg@ropellingthis change Severabf the mostimportant developments associatadith
this paradigm shift in gastrointestinal care are presented (Swanstrom and Pizzicannella 2023).

An emerging subject, robotics in minimally invasemdoscopic procedures has significant challenges from the
stringent criteria for downsizing. Inchworlike devices were described as the first step toward robotic colonoscopy in the
1990s. Since then, colono scopes with robotic assistance features hathe hitarket. Future treatments, including those
aided by autonomous or robotic agents like robotic capsules, offer more accessibility and flexibility with the help ahresear
prototypes. Improved diagnostic yield may also be expected when such endoseopiwlogies are combined with Al
enabled picture analysis and identification algorithms (Ciuti et al 2020).

Article (Osawa et al 2022) developed miniature mdégreeof-freedom (DOF) endoluminal forceps with solid
construction with flexible hinges.

Theresearch (Hwang et al 2020) was to assess the viability of a traction technique using a flexible robotic arm for
performing stomach ESD. When performed with a standard flexible endoscope, ESD presents technical difficulties anc
challenges owing to the abace of enough countertraction to reveal the sub mucosal dissection plane.

3. KeyTechnicalssuedn FlexibleSurgicaRobots
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3.1. DesigrManipulator
3.1.1. TypesfFlexibleManipulators

Based on these analyses, we widened our definition of a flexible manipulator to encompass not only soft robotics and
origami robotics butalso continuous backbones, discrete backbones, hybrid backbones, and more. To achieve a continuous
backbone, continuous elastic backbones,-phaped super elastic tubes, and pyshil actuation are used, as well as shape
memory actuators and antagonistfgairs of wires. Responsive manipulators based on a notch flexure hinge are a recent
developmentin the field of flexible manipulatordesign.Theconstructionof discretebackbonedobots consist®f articulated
linkages, pivots, and wireompressed camshey are operated by puspull antagonistic actuation of wires; and they are
hyperredundant serial manipulators. To accomplish a decoupled drive, the driving wires are arranged so that they always
pass through the center of all joints. Hybrid robots' mandgtive capabilities come from the combination of flexible parts
(like springs) and connections in their structural design.

3.1.2. Stiffnes€€nhancement

Flexible robotic surgical systems used in endolumprabedures need a manipulator that combines dexterity and
rigidity. The manipulator has to be flexible so it can reach the damaged area over a lengthy, winding journey. The
manipulator needs to be bendable enough to get to the problem location, but theeeds to tighten up once it's there.
Flexible surgical robot applications have prompted research into strategies for increasing the stiffness of flexible
manipulators to mitigate this tradeoff. Wire tension, friction/interlocking, and phase transitientta® primary mechanisms
by which these methods alter stiffness. After that, we'll look at a method for increasing stiffness by tensioning wirkes, whic
hasn't been covered in any of our prior examinations.

Tablel Requirementsand TechnicalChallenge§acel by FlexibleSurgicaRobotsfor EndoluminalApplication.

Technicathallenges Requirements
preciseandreliableintraoperativeshapesensing Safeaccesgo the surgicakite andtissuemanipulation
tissueinteractionforce sensingandfeedback
Flexibleguidetube (or endoscope) witlexcellent bendingapability Flexibilityfor accesgo the surgicakite through narrow
complete integration of endoscopicfunctions in a limited overall andtortuousroutesvia naturalorifices
diameter
the multi-DoFflexibleinstrument witha thin andcompactsize Dexterity, accuracy, and stability for performing
instrumentswith flexibility but adequatepayload/stiffness surgicalinterventionsin a confinedspace

surgicalriangulation
precisecontrol of longandthin flexibleinstruments
the ergonomic andntuitive humanrobot control interface

3.1.3. Specialonsiderationg ManipulatorDesign

The safety, durability, and accuracy of a flexible manipulator may be improved in some ways by adesigiing its
driving mechanisms. An increase in human safety can be achieved by decreasing the passive stiffness of a flexibl
manipulator. An actuator's torque limitation can switch between three different operating modes: free, active drive and
sliding when overloaded. Lonterm and stable control in a wirdriven flexible manipulator requires firgning the
elongation of the driving wire.

Flexible surgical robots employed a tiny cable with reduced frictiol.BX Corp. later marketed this eaga-kind
cable, and it is now extensively utilized. While designing a flexible manipulator, it is also important to think about the
fabrication plan. Subtractive manufacturing and additive manufacturing are the primary production technologies used for
prototyping flexible surgical manipulators. Computerized numerical contnalchining, laser cutting, and wire electrical
discharge machining (EDM) are all examples of common subtractive manufacturing processes. Common mettiodds of 3
printing used in additivenanufacuring are metal printing and laser sintering. Resolution, precision, and mechanical qualities
like strength and surface smoothness are all improved in additive manufacturing compared to subtractive manufacturing.
Additive manufacturing's strength is in itapacity to produce intricate thredimensional structures, such as those with
numerous working channels or helical tendon courses. In light of this, researchers need to learn the ins and outs of each
manufacturing technique and weigh their options bagsedthe manipulator's function, structure, material, and size.

3.2. Modelingand Control

The mechanical architecture of a flexible manipulator whether it has a continuous, discrete, or hybrid backbone, a
single backbone, numerous backbones, or only one instrubteas a direct impact on how its kinematics may be modeled.

3.2.1. KinematicendDynamicsviodeling
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Kinematics modeling uses terms like location, velocity, and acceleration to describe how things move. Without taking
into account the underlyingauses, it is just concerned with the mathematical description of motion. Key elements of
kinematic models include the following:

1 Position: The position of an object in space is commonly expressed asdimeasional Cartesian coordinates with
valueslike x, y, and z.

1 Velocity: The speed of positional changeover time. It givesthe direction and speed of an object's motion. The
derivative of the location with respect to time provides the velocity.

1 AccelerationThespeed at which speed varies throughidime. It displays theate of changein an object's velocityBy
taking the derivative of velocity to time, acceleration may be calculated.

Kinematic models often use equations such as linear motion equations or equations of motion for rotational motion
to describe the relationships between position, velocity, and acceleration.

Dynamics modeling examines the motioausing forces and how they impact an object's motion. It includes the
investigation of the connections between forces, masses, and accelesatNewton's laws of motion, which are essential
ideas in classical mechanics, are included into dynamics models.

Using Newton's principles to calculate the motion of an item, including changes in velocity and acceleration, dynamics
models often analyzehe forces acting on an object.

For comprehending and forecasting the motion of objects in a variety of applications, such as basic mechanical
systems to sophisticated mechanical systems, robotics, aeronautical engineering, and more, kinematics and dynamic:s
modeling are essential. These models provide engineers and scientists the tools they need to build and improve systems
simulate motion, and anticipate the behavior of moving objects.

3.2.2. Teleoperatiorand AutomaticControl

Steerablehead flexible instrumentgand flexible devices with several instruments might be challenging for a single
operator to manage manually. This supports the automation of any equipment used in endoluminal procedures, no matter
how simple they may seem. In the field of robotic surgéfyS robots are created with many goals in mind. Communication
with the surgeon to ensure patient safety and compliance with regulations. Both rigid and flexible instrument tele
manipulationsharethesegoals.Roboticinstrumentsare essentiaffor the widespreadclinicaladoption of flexibleinstruments
and endoluminal applications since manual techniques neatepth education and are often limited in their use.

1 M¢S mapping strategyThe strategy's end objective is to shorten the learning curve and isersafety by allowing the
surgeon to make intuitive movements. Interfaces that aren't well thought out diminish the robot's usability and the
surgeon's comfort.

v
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The latter calls for including an invergmematics calculation into the mapping procedure (see Figure 1). Master
interface motion must stay away from the singularity and the boundary of the interface if manipulability and motion scaling
is to be achieved. Given these constraints, it will be ssagy to create specialized medical robot interfaces rather than
employing offthe-shelf solutions. The surgeon's whole attention should be on the operation at hand, not on the mechanics
of which buttons to press, pedals to engage, or arm motions to aarty

3.2.3. TeamSoloMid(TSMHysteresi€ompensation

TSM is a typical actuation mechanism used in flexible surgical robots to achieve steer ability. This mechanism's
benefits include adaptability, high transmission efficiency, and a small manipulator footpsira.result, the performance of
flexible surgical robots is hindered by the delay and decrease in control precision introduced by standard kinematic control
methods. Hysteresis is a common problem with endolumapglicable flexible surgical robots due the lengthy and
winding tendon design of the manipulators, which causes a lot of friction force and wire distortion. As a result, many people
have put a lot of time and energy into developing both offline and online methods to counteract the impacterfdsjs.

3.3. Shapeand ForceSensing
3.3.1.ShapeSensing

The deformability, compliance, redundancy, and unavoidable interaction with surrounding tissue of surgical flexible
manipulators make it challenging to accurately estimate the shape and posture ohdmépulator using kinematics and
mechanicshased modelsUncertain model parameters and thefluenceof external loads, which leatth substantial changes
in form and kinematics, make it challenging to use this mdbdsled method. Due to inaccurate positinput, the flexible
manipulator cannot be safely guided to the surgical site. New seoased techniques are into one of three categories:
those based on optical fiber sensors, electromagnetic sensors, or intraoperative images. These methods arethesed as
flexible tool used in endoluminal surgery not only for accurate control but also for navigation and efomtact
measurement. This section gives a highel overview of each technology, including its underlying principles and the most
recent advancments in the field.

3.3.2.ForceSensing

Some aspects of endoluminal surgery are unique to this kind of surgery, making contact sensing between the device
and organ particularly crucial: The esophagus, colon, blood vessels, and ureter are all relatively fgagite tbat the
endoscope will inevitably come into contact with as it makes its way to the surgical site through long, narrow, and curved
pathways. Surgeons doing manual endoluminaloperations have tactile sensations at the site of tissue contact. iit® patie
well-being is intimately linked to the haptic data's application to the evaluation of contact and tissue damage. Therefore,
surgeons using robotic systems must understand the force exerted by each tool on the tissue. Although haptic or tactile
feedbadk has not been used in existing flexible robotic surgical systems, various researchers have measured the interactior
forces involved.

4. FlexibleRoboticSystemdor EndoluminalApplications

Pioneering work on flexible surgical robots has resulted in the Idpmeent of an MStype active endoscope, which
has been in use since the late 1980s. Each endoluminal application (gastrointestinal endoscopic surgery, ureteroscopit
surgery, bronchoscopy, and endovascular surgery) is analyzed in detail, including ithe@l elchievements using the
corresponding flexible robot system. Several recent medical studies have reviewed the use of robots in endoluminal and
transluminal endoscopic operations.
[ Robot control
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Different methods AverageExecutiontime
Robotcontrol Jacobianupdate Imageprocessing
a 1.087 0.2 0.16
b 1.282 0.195 0.46
c 1.248 0.005 0.157
d 1.112 0.005 0.154

4.1. GastrointestinalEndoscopic

Surgery one of the most popular uses of surgical robots nowadays is in the area of gastroenterological endoscopy. So
the traditional gastrointestinal endoscopedifficulties in manipulation and dexterity instrument movements may be
overcome with robotic help, allowing for more effective diagnostics and treatments. When it comes to gastrointestinal
endoscopy, robots may be of use in two distinct ways: during iiedand operation. In particular, this article examines the
role that robotic devicesmay playin facilitating endoscopic surgerywo roboticdevices witharticulatedjoints are often part
of these flexible systems and may be mounted to the outside déxible endoscope or inserted inside the endoscopic
channels. All of the tools (including the endoscope) may be used with a single hand or remotely controlled by a commercial
or bespoke master device. Many similar systems are practical and beneficiakdlnigal or clinical testing, and one is
already available on the market. Originally, they were conceived as a "mechanical system" in which two operators would use
a handle or knob attached to the endoscope and surgical equipment to perform the procediwefurther increase
intuitiveness, ergonomics, and accuracy, and decrease the number of operators needed, technology eventually developec
into the "robotic MS system," which enables the remote operation of the endoscope or surgical tools.

4.1.1.MechanicalSysem
a) COBRA

USGI Medical's (San Clemente, California) COBRA resect scope has-laciregpescope with three extra arms. By
applying strain to the wires connecting the connections in a serial configuration, the scope can lock its form into place. Th
scopemay be locked into a hard configuration to offer a secure platform for surgery, and it can be flexible during insertion.
Using an endoscopic triangulation, the camera and two surgical tools may be moved independently of one another, allowing
for traction and counter traction to be performed while retaining clear optics. Laboratory reports indicate that complex
operations, such as suturing and tying sutures, done using COBRA may be challenging because of the limits of imprecis
cabledriven controls and thénability to change tools. There have been no more reports of either preclinical or clinical
findings.

b) RScope

The main flexure may be fixed in place by increasing the tension on the actuation wire, and the secondary flexure can
be placedanywherethe userseesfit. Thescope andhe two instruments arecontrolled bya singleknob on the control body.
Animal and human trials were conducted first to ensure the device was effective for gastric ESD. However, due mostly to the
operator's incompetence, the outtoes were subpar, with perforations occurring in about 20% of both instances. Clinical
research using gastric ESD for superficial gastric neoplasm revealed simb&ceresection, complication, and local
recurrenceoutcomesto those of conventionalESDwith a much shorter operation duration. Complexcontrols that are
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difficult for a single operator to master, as well as subpar instrument performance in retroflection, are two of the system's
major drawbacks.

c¢) Directdriveendoscopisystem

Boston Scientific's (Marlborough, MA, USA) Dudrote endoscopic system (DDES) is a manually operated,
multifunctional platform designed for endoluminal and NOTES procedures. Each tool has an ergonomically designed handle
that powers a londlexible shaft that terminates in amdividual end effector. Thguide sheath adds two degreesfofedom
to the seven DoFs at the instrument tip, which are transmitted from the handle. Endoscopic mucosal excision is just some of
the complicated norsurgical ativities that the DDES is capable of in ex vivo and in vivo animal testing.

d) EndoSAMURAI

Olympus's Endo SAMURAI is a versatile endoscopic device for performing intraluminal and transluminal treatments. A
bendable endoscope, two articulated working arms ipged with surgical end effectors, and a control unit makes up the
system. The flexible endoscope's directional and locking capabilities allow it to serve as a system stabilizer. In difficult
endoscopic procedures, including endoscopicthitkness resein, the technology proves more accurate and requires less
time than a traditional endoscope. A small bowel anastomosis might also be completed promptly and to an acceptable
standard. Cutting, suturing, and tying knots were accomplished with accuracefésuativeness on par with laparoscopic
instrumentation, but with a greater time investment.

4.1.2.RoboticM¢SSystem
a) ViaCath

EndoVia Medica' ViaCath system is the first tele operated robot designed specifically for endoluminal procedures. In
comparison to an endoscope, the two robotic devices that extend from their distal ends are more sophisticated, allowing for
the bimanual manipulation dissues. The endoscope's field of view may be manipulated in seven degrees of freedom (DoFs)
thanks to the instrument's positioning arm. Multiple animal experiments, both in vitro and on living subjects, confirmed the
system's viability. Mucosal excisiomdafundamental suturing in the digestive tract were achieved with the help of the
available tools and system. To address issues including awkward endoscope insertion into the stomach and weak instrumen
manipulation force, a newer generation of equipmeraswdeveloped.

b) EndoMASTER

The Endo Master was developed at Nanyang Technological University as aasslstéd surgical device for use in
NOTES procedures. Endoscopic removal of polyps and cancers in the digestive tract was among the first uses. The En
Master is a flexible endoscope with two robotic arms built onto its tip to increase its agility. This allows for preuise tiss
manipulation and dissection. Complete excision of stomach neoplasms was achieved in-scal@alhuman preclinical
experiment,and no patients had any adverse effects. A colonic ESD was performed without perforation using the newest
version of the Endo Master EASE System in a pig model. The first patients enrolled in a clinical trial to treat cokioastal le
in May 2020, andrte study ran until December 2021. Notably, there have been cadaver studies for transoral uses.

¢) FLEXoboticsystem

Intrapericardial uses inspired the initial design of the Blr&botic system by Medrobotics Corporation. Transoral and
transanalendoluminasurgeries are now possible with the upgraded device. The system consists of aassixted flexible
endoscope (RAFE), a set of flexible instruments that are compatible with the RAFE, and a control station. The FLEX scope |
two connections, as oppose® bne in a standard flexible scope: a distal one and a leading one. The articulating instrument
has four degrees of freedom (DoF), with the user controlling two directional bendings through a grip attached to the flexible
shaft. Transoral surgical operati® involving the pharynx and larynx have demonstrated promise in the system's first clinical
trial. In 2014, it was given theuropean CE marind in2015, it was given FDgthorization for usen transoralsurgeries. In
2017, the FDA gave the technoladpe golight for use in colorectal endoscopies. The viability of some colorectal operations,
including transanal TME (taTME) and transvaginal rectopexy, was studied using cadaverigdaqeriments.

d) Robotassistedlexibleendoscope

KyushuJniversity(FukuokaJapanhascreateda platform calledRAFEhat is optimizedfor ESDThebasicideabehind
the platform is to adapt existing standard endoscopes for usage with a flexible surgical robot. The endoscope's extended
motor unit controls all degreesfdreedom. There are two bending degrees of freedom (DoFs) in the platform's articulating
instruments. Both are placed via the endoscope, one through a regular channel and the other through a specialized tube at
the end.
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4.2.UreteroscopiSugery

The flexible ureteroscope is being used in conjunction with robotic assistance primarily for the treatment of kidney
stones. The weariness of the surgeon due to a-amggonomic position is a significant drawback of traditional flexible
ureteroscopy m renal stone removal, potentially decreasing surgical efficiency and safety and increasing the risk of damage
to the surgeon. The robot systems use robotized ureteroscopemanipulation to reduce radiation exposure and improve
surgeon comfort during urologat procedures. The standard setup for such a system includes a slave robot arm on which is
attached a commercial flexible ureteroscope, and a control panel from which the endoscope and other equipment may be
remotely manipulated.

4.2.1.RoboflexAvicenna

ELMEDMedical Systems has created the first rofastsisted flexible ureteroscope device intended for kidney stone
therapy called Roboflex Avicennal. A bendable ureterorenoscopy manipulator and a surgeon's station witlinatdnugh
screen and two joystick iatfaces make up this device. The robotic arm's hand component is compatible with the most
available ureterorenoscopy on the market today. The device has pneumatically actudtet Redals for activating
fluoroscopy and laser shooting. Motorized insertiand withdrawal of the laser fiber and variable rates of irrigation fluid
infusion are also available. The first clinical trial confirmed that the device is capable of performing all current praxakcol
procedures associated with flexible ureteroscopigluding laser dusting and the removal of bigger pieces, with a good
effect on ergonomics and a reduction in radiation exposure to the surgeon. Additional clinical investigations confirmed the
system's safety and effectiveness and compared well to thedsted approach in terms of stoHeee rate, treatment time,
and intraoperative complications. In 2013, the system was awarded the CE mark, and it is now awaiting FDA clearance.

4.3.Bronchoscopic
4.3.1.Monarch

Robotic bronchoscope system with btiift electromagnetinavigation (EMN) guidance, created by Auris Health. It
also has safety features like monitoring driving tension and automatically releasing tension when the scope is retracted. The
simulated peripheral pulmonary lesions were successfully biopsied angehpheral airways were more accessible in
cadaver tests. Initial clinical studies showed the platform to be technically viable for diagnostic bronchoscopy. Recent
research has shown that robotic bronchoscopy is a safe and effective treatment optiondfeidirals with peripheral
pulmonary lesions. In 96% of patients, lesion localization was confirmed, and the risk of adverse events was similar to that
seen with traditional bronchoscopy. The Food and Drug Administration (FDA) has given its blessingl&dfdaha for
diagnostic and therapeutic bronchoscopic operations in 2018.

4.3.2.10NRoboticEndoluminaBystem

Robotic catheters like Intuitive's (Sunnyvale, CA, USA) ION robotic endoluminal systems usseskimgetechnology
to provide the user input on theatheter's location and form. The technology consists of a robotic articulating catheter that
is flexible in any direction by up to 180 degrees and includes a st&peng fiber embedded along its length. In addition to
the catheter, there is a program thaeconstructs the airways virtually in 3D and displays a route to the desired location
automatically. The next step is to use the shaeasing fiber's position information to register rather than relying on EM
position sensing. The technology proved éf§icacy in cadaver research, where it was used to successfully puncture tiny
nodules on the lung's periphery. The most recent clinical investigation was 92%, and there was hardly any risk of
complications. In 2019, the technology was given FDA permifsiarse in peripheral lung biopsy using a minimally invasive
approach.

4.4.Endovasculasurgery

Endovascular procedures may now be performed with the same ease using flexible surgical robot technology.
Endovascular surgery has gone a long way in terms of tdagy, but there are still significant barriers to effective surgical
results, such as the dependence on lesion sites, vascular operator skill, and a lack of accurate placement of intravascule
devices. To make it easier to access challenging lesionst sgbtems have been created to give accurate guide wire and
catheter control. The resultant efficacy has the potential to shorten fluoroscopy times, protecting the surgeon and the
patient from unnecessary radiation exposure.

4.4.1.SenseK

Hansen Medical'Sensei (Mountain View, CA, USA) is a control and positioning system for catheters in the circulatory
systemthat aimsto makethem easierto use. The M-S electromechanicakystemallows the clinicianto manipulatethe
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guiding catheteland sheath. Sensei X, the latest iteration of the technology, has an artisan stretched catheter that allows for
270degrees othe catheterandaremote-controlledtip that canbe manipulatedin three dimensionsThevibrations aresent

to the user via thecontroller, creating a haptic effect. The feasibility and efficacy of using Sensei X to treat AF were assessed.
Compared to manual ablation, the results showed that employing the robotic method resulted in similar rates of problems
and recurrence, althoudgmuch less radiation exposure was experienced. The system received both CE and FDA markings ir
2007.

4.4.2.Magellan

Redesigned for peripheral endovascular intervention, the Magellanl robot was developed by Hansen Medical. The
system's core features include abmt arm and an operator console for remote manipulation of steerable catheters and
standard guide wires. The radiation source is placed in a different room from the control room. There was less-catheter
tissue contact and less vascular stress from cathatentact with the vessel wall, according to phantom research.
Fenestrated endovascular repair (FEVAR) was successfully performed in clinical trials, demonstrating the system's viability
These results also suggested that it would be possible to reducepbrtor's exposure to radiation and streamline difficult
endovascular procedures. No access site difficulties occurred during tibiofemoral artery navigation, and the procedure was
straightforward for even inexperienced operators. The technique showednjz® in thoracic endovascular aortic repair,
with muchreduced embolization, possibly due to the robotic catheter's enhanced agility and control, which lessens the
likelihood of accidental contact with the artery wall. In 2011, the system was granted BEhmatk, and in 2012, it was
granted FDA 510(k) approval for use in guiding guide wires and robotic catheters via peripheral vessels.

4.4.3.ROne

The robot has both a control unit and a robotic unit, both of which are shielded from radio waves. Within a radiation
safezone, surgeonmay usethe control unitto operatea catheter and guidevire from a distance. Theobotic systemallows
for the automated use of the best guide wires and catheters on the market. There have been no published publications
detailing the outcomes of clinical trials. By 2021, RoboCath expects to have performed its first robotic coronary angioplasties
in many European nations, as well as in Africa and China. In addition, a European clinical investigation utilizasgistedt
percutaneas coronary intervention (PCI) using RoboCath will have finished enrolling patients in 2021. In 2019, RoboCath
received the CE certification, allowing it to be used in cardiac interventions.

5. Conclusion

Several adaptable robotic surgical systems have lwesmeloped to do endoluminal surgery alongside the commercial
success othe da Vincilaparoscopic robotic surgical system. But tharetechnologicathallenges that need to bevercome
when it comedo maneuveringdeftly in thelumen'scurved andestrided environment. Thisarticle reviewedstate-of-the-art
research activities that are being done to solve these technical problems. Both robotic surgery and endoscopy stand to
benefit from this new technology if the findings of this study are implementediérible surgical robots. Through
endoluminal, transluminal, and extraluminal techniques, surgeons will have access to more broadly applicable robotic
treatments that need little to no incision. Furthermore, with the use of delicate surgical movementaridational
support, endoscopists witle ableto undertake moresophisticated endoscopic diagnostics and endoscopic tumor resections.
Regardless of the surgeon's endoscopy expertise or the degree of complexity of the procedure, the modern endoscopic
surgical robot will provide consistent results. New surgical tools, such as laser, cryogenic, and electrical devices, will be
developed with the help of these higlech robots. When compared to traditional rigigpe laparoscopic robotic surgical
systemsflexible surgical robots will allow the advantages of robotics to be applied to a wider variety of surgical procedures.
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Abstract The surgical approach, Minimallpvasive Surgery (MIS), tries to limit stress on the patient's body anc
number of incisions used during treatment. A flexible tube with a camera and light source known as an endoscop
enables surgeons to see the interior organs and tissuespésod the main instruments used in MIS. By expanding
capabilities of conventional endoscopes, Autonomous Flexible Endoscopes (AFE) can potentially change
information systems. These autonomous devices can perform duties autonomously withiratieatis body because
they areoultfitted with cutting-edgetechnology, includind\rtificial Intelligence(Al), computewision,and roboticsystems.
Robotic surgical automation is a subject that is gaining more and more popularity. Although it is stdbiiog to fully
automate a system, task and conditional autonomy are quite feasible. Safety is a key issue in robotic surgery, in
to the performanceof job completion. In this article, we introdu@~Es that can assist in autonomously guiditigimally
invasive surgical procedures. The Tendwmiven Continuum Technique (TCT) served as the foundation fo
development, and it is connected with the da Vinci Training Set (DVTS). There are six Degrees of Freedom (D
recommended AFEs. ThedzNB A OF f G(G22fa FNB Fdzi2YlFGAOFfEt& GNI O1S
occupancy is minimized throughout the tracking process using an optimum control strategy, improving the safet
robot system and any surrounding assistanBeth empirical and user research findings demonstrate that the sugge
AFE has benefits over the current rigid endoscope in terms of safety and reduced space requirements
compromising comfort level.

Keywords:MIS,laparoscopysurgicakobotics,robot safety,visualtracking

1. Introduction

Patients today enjoy major benefits from shorter hospital stays, a lower risk of infection, and a general reduction in
problems because of the development of MIS methods during the last several decades. faterdlso drawn to the
aesthetic advancement of closed (laparotomic) operations because of the great decrease in scarring. Despite these
advantages, MIS may cause extra difficulties for doctors by restricting the use of traditional instruments, prefidhting
visual and physical access to the operating room, and necessitating additional intensive training (Su et al 2021). dhe price
MIS rises as a result of these effects. The demand for many MIS treatments is still rising despite their expensdaosphysic
and patients and their additional complexityiransanal Endoscopic Microsurgery (TEM), compared to traditional transanal
excision, improves resection quality, lowers the risk of local recurrence, and increases survival, especially in pdtients wit
eaily-stage rectal cancer with good histology. With comparable morbidity and mortality to traditional transanal excision, the
technique of TEM excision of rectal cancers is safe and successful throughetérionfgllow-up (Raucci et al 2020).

Although TEM &s been in use for more than 20 years, colorectal surgeons have been sluggish to accept it as a
standard procedure. This is partly due to a challenging learning curve, but it is also due to the exorbitant expense of the
highly specializedpparatus.Technology istill developing quicklyTheability of the surgeonto do minimally invasiveurgery
has paralleled this development. Instrumentation created for apelication may bepplied to another via crossover. This is
Trueof NaturalOrifice Surgey (NOTES}arriedout using TEMnstruments andendoscopes (Runciman at2019). TheFood
and Drug Administration (FDA) approved the DVTS for several surgical procedures in 2000, including minimally invasiv
laparoscopic operations. Intuitive Surgicah@any Inc., the DVTS, was developed and provides improved surgical dexterity,
motion scalingandtremor reduction.Sadly da Vinci'sstiff instruments restricthe availablesurgicalentry sitesin additionto
the high price and huge size (Vo et al 2020).

The FDA has approved the da Vinci SP, a system created expressly fquasinglegery, which will allow the da Vinci
to be used irvarious emergenminimally invasive operations, even though these constraints have hampered the acceptance
of this platform for usagein many procedures.Modern minimally invasivesurgeryhasproducedsingleincision,multiport
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devices that have made a variety of abdominal surgeries possible. Evenasingks laparoscopy colectomies may now be
done reliably and securely (Song et al 2020). Siagtess laparoscopic working angles are almost equal to TEM working
angles. Therefa, there is an overlap between the skill set required for TEM and spuytdaparoscopy. However, a major
obstacleto the widespread deployment ofEM apparatusontinues to bdts high initialcost. However, major advancements

in the areas indicated alve will be needed if a reliable surgical robotic system for these minimally invasive operations is to
be realized. Robotic surgery will continue to be an expensive anddonsuming venture. It may struggle for years to gain
widespread acceptance withthe medicalcommunity ifefforts arenot madeto better automatethe robotic systemand pair

this with intuitive, simpleto-command user interfaces (Ma et al 2019). However, further advancements in autonomous
robotic control can potentially enhance surdicasults without significantly raising the price of these operations.

Surgery will be completely transformed by the thoughtful creation of partially autonomous MIS tools that support
surgeons without the increased cost of several operators or much additivaining. With its benefits of reduced pain,
decreased risk of infection after surgery, and accelerated postoperative recovery, MIS has transformed conventional surgery
(Huang et al 2022). In MIS, the endoscope is placed via a trocar to provide suam@ss to the body cavity. Endoscopes
now in use have a robust and thin construction. These endoscopes provide several difficulties, including (1) exhausting the
endoscopeassistants(2) requiringclosecoordinationbetween theendoscopeassistaniandthe surgeonsand (3) requiringa
considerablemotion area while rotating the rigid structure endoscope(Zhang etal 2021). Several solutions have been
developed to deal with these problems. Many robotic endosehbpkling devices have been created to ease procedures,
prevent surgeon fatigue, and minimize human mistakes (such as shaky hands while controlling the endoscope). To defen
against possibleyberattacks, preserve data confidentiality, and assure patient safety, AFE security is crucial in minimally
invasive surgery (Slawinski et al 2018).

To determine the viability of prehabilitation in 22 women having breast cancer surgery, the researbmifBet
2020) performed a longitudinal, singé&m, mixedmethods study. For the course of their surgical wait period, each
participant got a personalized exercise prescription that included strength and mobility training targeted to the upper
guadrants asvell as aerobic exercise. A detailed evaluation of some of the most prevalenttéooqpee sensor designs for
surgical instruments was conducted in the study (Muscolo and Fiorini 2023), which also considered design and
implementation restrictions. Theseounstraints included those related to the robotic surgery environment, surgeon
perception, general forcéorque sensor design layouts, and forimgque sensors used in robaissisted minimally invasive
surgery. The transmission of surgical expertise is mes@er with telementoring. The study (Shabir et al 2021) created a
framework for telementoring that allows a specialized surgeon to guide an operating surgeon by imparting knowledge in the
motion of surgical tools needed during minimally invasive surgémy. innovative forcesensing tool that supports
teleoperated robotic manipulation and serautomates the suturing process was introduced in the publication (Ehrampoosh
et al 2022).

The endeffector mechanism features a rotating degree of freedom to cortdtrthe optimal needle insertion
trajectory and pass the needle through its curve. An indirect force estimate method based ofedatd models was
employed to leverage impedance control to give the operator sensory knowledge of the forces between the aneedhe
tissue. The research (Su et al 2019) displayed whether redundancy is used to ensure a remote center of motion (RCM
restriction and to provide the medical personnel a compliant behavior. To complete the surgical tasks with-folo&an
interaction, an RCM constraint and a safe constraint are imposed on the nullspace motion based on the established
hierarchical control architecture. The precision and safety of the procedure may be impacted by the physical contact. Robot
assisted minimally invasiwirgery faces the basic but difficult challenge of automatic equipment separation in the video. By
adding a derived temporal before an attention pyramid network for precise segmentation, the research (Jin et al 2019)
provided a new framework for using imgtment motion information. The inteframe motion flow propagates the inferred
prior from the previous frame to the current frame, which may provide a trustworthy indicator of the instrument placement
and form.

The study (Lu et al 2023) offered a uniqueaddriven architecture with sel€ontained visuakhape fusion enabling
flexible endoscopes to navigate autonomously and intelligently without the need for previous knowledge of system models
or largescalesurroundings. Thenline updating othe eyein-hand visioamotor arrangement and steering tiie endoscope
using monocular depth estimate through a vision transformer (ViT) is suggested using a leasedgadaptive visual
servoing system. The path difficulty with the strategy (Pittiglio et al 20@&igded a magnetic interaction that would enable
the catheter to adjust to the surrounding anatomy while in motion. They create and produce a soft magnetic catheter that is
shapeforming, 80 mm long, and 2 mm in diameter. This catheter can follow the tegl# moves through the human body.

The device might be used for various endoscopic or intravascular programs, but this study shows how well it works for
navigational bronchoscopy.

The flexible endoscope that automatically follows the surgeon's lesterning the surgical target was suggested by
the research (Qian et al 2020). by being operated on, the flexible robotic endoscope may see the surgical procedure from the
surgeon's point of view. The endoscopic footage is seen by the surgeon while gvadrgaemounted display. The research
(Mo et al 2022) describedhe creationof a novel workflow thatwhen combinedwith a flexible continuum robotisystem,
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offers task autonomy for laseassisted surgery in confined areas like the Gl tract. Contrary to the present, piezoelectric laser
steering mechanisms demand the use of high voltage and are dangerous. The research Martin et al (2022) examinec
autonomous robotic control for magnetic colonoscope treatment through biopsy, another crucial aspect of clinical viability.
They have created wariety of robotically autonomous control techniques, such as smartonomous routines for locating

and carrying out focused and random quadrant biopsies. In this paper, we aim to explore the multifaceted security
dimensions in this rapidly evolving fiedfl MIS with an AFE.

2. Methodology

The safety of Minimally Invasive Surgery (MIS) using an Autonomous Flexible Endoscope (AFE) will be discussed in t
section.

2.1. Autonomoud-lexibleEndoscopefAFE)

The suggested AFE has six degrees of freedom (DOFsjpintishl-4 of the Process Security Control (PSC) managing
its insertion, pitch, roll, and yaw and joints 5 and 6 of the TCT controlling its bending. The TCT was able to bend in twc
orthogonal directions on its own. It is placed on a strong shaft thatneave and rotate as well. Consequently, the final two
connections of the flexible portion control the TCT, whereas the first four connections of the stiff segment of the suggested
AFE are ordinary rigid connections. The dynamical framework for-b@. fl&ible endoscopy is provided in the following
sections.

A) Themechanic®f a RigidComponent

Thesuggested AFE transitidrom distanceset (set {0}}o set {4}corresponddo the PSC's transition fromistanceset
(set {0}) to set {4} since TCT is mountedtmnfourth set of the PSC (origin of set). Den&létrtenberg (EH) technique may
be used to calculate the rigid part's forward kinematics:

Oy = Oy ly2y 3, 1)

Where'Qthe transition from is set{j} to set{i}, and 3-;, 2~y, 14, 0~ denotesthe homogeneougranslationmatricesfor
the first, fourth, third, and second joints, correspondingly. The Jacobian ni@gig for the rigid part presented below
connects the speed of each joint of the rigid paftyg to direct knematics.

06 4 = e o (2
Where0Q,, ,denotesthe set{4}reflectedin distanceset{0} velocityvector,composedof linearandangularvelocities.
B) Dynamic®f FlexiblecComponent

On thefourth set ofthe PSC, th@CTis placed. Asa result, set {4provides theframework for theflexibility part ofthe
planned AFE. Equation (3), provided at the bottom of this page, may be used to compute the matrix of homogeneous
transformations from set 4 to the body sétyof the TCT. Here—denotes the flexible part's bending anglg,is the TCM's
bending direction, and k denotes the flexible part's length. The following Jacobian ifgtsimay be used to determine the
linear and angular velocities associated with the flexible portion.
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Thefollowingdiagramillustratesthe joint speedof the flexiblepart:
4o o= QY (D)
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Where Y-qq;, is the joint velocity relative to the flexible component,the vector 4, ., for the body set {a} of the TCT
shown in set {4} consists of the linear velocity and the rotation angle.

C)Mechanicof the 6-DOFAFESs

Thefrontal mechanic'sversionof the flexibleendoscopewith sixDOHRsillustratedbelow:

Oy, = Oydrgfdy, = Oy (6)
Where,
SR
0= | D )
0 0 1 Qo
0O 00 O

is a continuous connection translation matrix going from camera set {d} to body set {b} ofGEtdfers to the
separation between the optical center of the endoscopy and the origin of the body set {b}.-Dtd-@lexible endoscope's
end-effector speed may be calculated by

G ="0Y ©)

Where'Y denotesthe speedof eachAFHoint in the sixdegreesof freedom.The6 x 6 Jacobiarmatrix providedbelow
provides the speed map of aBOF flexible endoscopy (1):

G [Paxn Paxl ©
2.2. VisionFeedback

This section initially explains the suggested AFEs surgical tool tracking mechanismimieéahecing the visual
servoing approach.

A) TrackingMethod

The coordinates of the labels on the images must automatically follow the motions of surgical instruments in the
suggested @®OF flexibility endoscope. The following are some challenges in trattkingurgical equipment: (1) The
backdrop of the endoscopic pictures is rapidly shifting; (2) The instruments are rolling; and (3) the total amount of
instruments is unknown.

Given that green is seldom seen naturally inside human bodies, it was decidex tib as the marker color in this
work. The distal end of the surgical tools is marked with markers. The following is the tracking procedure: (1) intthally, ea
RGB set green region is identified using the cbksed picture segmentation technique. Afteompleting the green area
identification process, the RGB set is changed to grayscale and smoothed using a Gaussian filter. (2) Following tha
corresponding areas that fall under a certain size threshold are removed from the image. To accommodateyeof/arie
cameras, the threshold choice is made based on the dimensions of the source RGB image. (3) The center coordinates of :
chosen related regions are then determined using the gray centroids approach. Figure 1 illustrates the propd3Ed 6
elastic enadscopy and is controlled by tracking points according to the average of these centered values.

B) ServovisualDesign

The relationship within the 2D data in images and the 3D data of the world is known as the camera system. The
camera's 2D image measuremeraie transformed into 3D global coordinate data in the next section using there are two
distinct types of coordinate schemes. In this study, the visualization concept is the pinhole method, which has the following
equation as a formula:

Qe 0 O 0 4
Gl 1=1 0 T&Q 6 Ol[)
1 0o 0 1 0 4

(10)

Where (0o, 0o)stands for the endoscope'simage capture center coordinate, (0, 6) for the retrieved image
coordinates after the correction of image distortion, and 0 = [0, &, o] the referenced approachis used to fix the
endoscope's distortion. The mobility of the suggested flexible endoscopy is then controlled using a-exdgengD visual
serving contol technique (picturebased control).
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Figurel Thetip of the surgicalequipmentis embellishedvith greenmarkings.
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Assume that the Jacobian variable y in the fixed camera system is unknown and that tb&esdrs rotates with
angular speeday, @, & and translation velocitfo,, 04 0¢ about the camera set. Therefore, to estimate the value of y
online, we utilize observations of the robot and image motion. Using {e@séres, it is possible to linearly extrapolate the
value of y from equation (10).

2.3. VisionBasedControlTechnique

Thissection begins with a proposal for optimum control with limitations on the minimum motion. Th®B flexible
endoscope's visual serving control loop is then presented.
A) TheBestControlwith the LeastMovement

Thepenaltyfunction is usedin the optimal control method to optimize™Ye = (

iajiajajaiaid, iQrepresentsthe j-th
1 2 3 4 5 6 Q
joint's movementat time i. Theminimalnecessarporderlimitationsare asfollows:

i< jamgElag jda (12)
1 1 2 2

Thefollowingpenaltyequationis createdwith restrictions(12):
A =] ¥ ielE+ Ae (9l +] 14!;) ‘lgl/E+ Ae jolp+ o jOlp+ A0 {01 + Aymin {0,160
2 ‘o . . A 1
ot 2 1 42 + romin {0,10‘%m ??2 ?13)5 ®
1 2
Wherethe safetyfactorsrj; andr, ensurethat the valuesof ‘llﬁare lessthani f@and g2, respectively Weightfactors

| and T,  limit mopility in the first and second joints, respectively. Additionallx,eit is possible to calculate the

variables& 191 2‘1 0,4‘1 “,5and id E)y decreasinghe objectivefunction solution (14). Here, the optimizationis carried out using
1 2

the LevenbergMarquardtmethod.
minimize ‘Y9 o .
i 6D [] = [3@Q].OY (14)
B) ControlSystenfor InstrumentTracking

The PSQAs equippedwith a designedflexible endoscope,which is computercontrolled. The generallayout of the
visual servoing control approach is shown in Figure 2.
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Figure2 Controlloop structurefor monitoringinputs.

The endoscope obtains the image coordinétg 69 of targets for the tracking structure, as shown in Figure 2. The
monitoring fault"® may then be determined by:

Q=M 0F 0j2+ (6% 632  (15)

Fsrepresentsthe allowable error, anqUg 6¢g)for the target'sintended image coordinate. Equatio(il0 maybe used
to estimate the image Jacobidfind the target's depth measurement® > "Qis true. Following that, the motion of each
joint "Ytmay bereduced using the suggested optimum control approach. Last, processors will direct the actuators so that the
flexible endoscope may move into the proper position and orientation.

3. Resultand Discussion

Thetracking abilities of both fixed and moving objear® examined in this segment. The recommended®@F elastic
endoscopy is then put to the test using the Fundamentals of Laparoscopic Surgery (FLS) exercises. Finally, user encounte
with the rigid endoscopy and the recommended AFE are compared.

3.1. Experimetal setup

The DVTS and alBOF elastic endoscopy make up the test equipment. The DVTS controller operates the PSC. There
are three parts to the flexible endoscope: (1) the distal end is equipped with a camera with a 64®ixeld@solution that
connectsto a computer via USB. (2) A flexible bending portion comprises 10 vertebrae and an elastic foundation, with a set
rate that may exceed 30 Hz. The flexible bending segment has an outside diameter of 7.5 mm and a length of 40 mm; it als
has a rolling shafrom DVTS instrumentation and a mounting built by the user.

The calibration technique has been used to calibrate the endoscope, and Table 1 displays the endoscope variables
Firstorder radial distortion factory, &, £1and seconebrder radial distortion facto€, are, respectively, both the second
order radial compression ratio and the firstder radial compression ratio.

Tablel Endoscopé&pecifications.

0 o > > )4
0.0007 0.0013 3.18pixels 244.9pixels 0.0089 -0.18 810.3

3.2.Monitoring a StationaryTarget

For In this section, the-BOF elastic endoscopy system tracks a stationary green marker on three occasions. The
marker has a 3 mm diameter. The acceptable error value is 10

pixels"@. Thebeginning location is othe bottom right edgeand the target graphic coordinai@g, 0¢) is thepicture's
center coordinates (320, 240). Figure 3 displays the tracking trajectories from three iterations of the experiments. Results
demonstrate thetracking's dependability.
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Figure 3The graphic shows the target tracking trajectory. The target's intended location and beginning position on the image is/shown
the pink symbols.

Figure 4(a)displayshe trackingerror "Q for every convergencestep. Accordingto the color scores, therackingerror
"Q valuedecreasedo 10 pixelsthroughout 11 steps.Thevalue of trackingerror "Q during the first four stepsfalls quickly,
from 270 pixels to less than 100 pixels.
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Convergence steps
Figure4 (a) Colorpointsdemonstratethat after 11 convergingphasesthe trackingerror "@valueisreducedto 10 pixels.

Figure4 (b)depicts thetracking time foreachstageof convergence. Aftet.71secondsthe trackingerror "Q will have
decreased from 26@ixels to 10 pixels. Additionally, tracking speed is significantly influenced by the recommended AFE's
motion ranges.
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Convergence steps
Figure4 (b) Theperiod of trackingat eachresolutionstepof the trackingprocedureis shownby coloredspots.
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There are five training assignments for the FLS manual skills. Some of these tasks include peg transfer, precisio
cutting, ligating loops, intracorporeal knotting, and extracorporeal knotting. To operate tools in a sufficiently wide area
during the peg tansfer, precision cutting, and extracorporeal knotting jobs, it is necessary to manipulate the endoscope to
direct the work. To assess the effectiveness of the automated, flexible endoscope, three tasks, peg transfer, precise cutting
and extracorporeal kotting, are selected. Two flexible hafild tools are used to operate the duties. The three jobs allow
for good tracking ofhe two pieces of equipment. The three FLS tasks have also been required to be completegelopl&0
using both the elastic endospic and the 4DOF rigid endoscopic. The two endoscopes' comfort level is then scargd (0
points). The results are shown in Figure 5. Table 2 displays the benefits of the suggested flexible endoscope.

60

50

Flexible endoscope Rigid endoscope
Operation time

@

10

Points

T j |
Flexible endoscope Rigid endoscope
Comfortlevel

(b)
Figure 5The contrast between the-DOF igid endoscope and the suggested AFE. (a) The peg transfer's operating period. (b) The comfort
level ratings.

Table2 An evaluatiorof both flexibleandrigid endoscopes.
4-DOH-lexibleendoscope 6-DOFRigidendoscope

Operating Averagdevel Averagdevel
Motion space Small Large
Comfortlevel Averagdevel Averagdevel
Safety good Averagdevel
Viewingfield Relativelylarge Relativelysmall

From Figure 5, it is clear thdte proposed AFE has much less interior and exterior occupied aredthaaDOF rigid
endoscope. This may improve the endoscopic method's safety during surgery and provide doctors access to more operating
space. The results for task operation time and comfort level while using the two endoscopes that are pretty similar.

4. Condusions

This study reports an autonomousBOF flexible endoscopy with improved security. A distal bending segment of the
suggested AFEs is based on the TCT. It has a total of six DOFs and is connected with the DVTS. It is possible toyautomatic
track nstruments using visual servoing. The endoscope movement is reduced during the instrument tracking procedure by
using the best control approach. This lessens the risk of arms colliding outside the body and tools fencing within #ie surgic
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cavity. The suggested AFE's performance is accessed via experimental testing. The suggested flexible endoscope c
successfully monitor both fixed and moving objects, according to experimental data. This demonstrates how the suggested
AFE might greatlgecrease safety issues and save space during MIS treatments. Last, user research with 10 participants
shown that the flexibility endoscopic may be used for MIS operations and that it could provide a wider field perspective and
safer functioning than rigieendoscopes. The existing method has drawbacks, such as blurry images and uneven lighting
within bodily cavities. Our ongoing research strives to lessen instrumadaited picture blur. In addition, the suggested
technology will eventually be integrated Wistereoscopic 3D vision.
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Abstract: The development of braimachine interfaces (BMIs) has revolutionized the study of neuroscience by mal
possible for the brain to communicatdirectly with outside objects. In this study, EEG brainwave data is use
categorize emotional experiences using both individual and group methods. We employ-eldotiode resolution (TPS
AF7, AF8, and TP10) commercial MUSE EEG headband. Filmithlipear emotional content elicit both good ar
negative emotions. For one minute per session, neutral resting data is also obtained without external stimuli. To
we use machine learning algorithms to decode and interpret participant EEG dttayagerform activities that evoke |
range of emotional reactions. Relevant characteristics are collected from the EEG signals using intens
preprocessing, feature extraction, and selection approaches to identify the underlying patterns of cogeittiraental
feelings. Following that, the development and assessment of classification models, such as Gradient Artificia
Networks (GANN), use the retrieved features as input. In conclusion, this study presents abaB&@BMI system fo
categoizing cognitive sentimental emotions. The proposedMBN achieves a high accuracy of 98.59%, demonstr:
superior performance compared to existing methodologies.

Keywords:BMIs,EEGSignalsCSEG-ANN MUSEEEG

1. Introduction

The IAPE'18 conference reds can be found in the proceedings. Potential applications for autonomous, noninvasive
emotional state sensing include mental healthcare and humwdbot interaction. It can add a new level of interaction
between the user and the gadget and make it possibl derive concrete information without spoken communication (Bird
et al 2019). One of humanity's most distinctive traits is emotion, which impacts behavior. Being able to comprehend and
analyze human emotions is essential to life. A number of industkigs,0f dzRA Yy 3 I YAy 3IZ GKSNI LR
machine interfaces and cooperation. Researchers consistently work to increase the adaptability and efficiency of eomputer
human interaction to attain high levels of user satisfaction (Kumar 2021). Enistessential in humato-human interaction
and communication. They can be divided into three general groups. The first category looks at verbal communication,
nonverbal cues, and facial expressions. Noncontact emotion detection is made possible byutiesesiaual techniques
(Chatterjee and Byun 2022). The identification of neural states is essential in many disciplines, includimgabinitie
interaction (BMI) and psychological studies. Different techniques have been used in various prior studieastorem
participant differences in brain state. To build a BMI system using information from brain functional magnetic resonance
imaging (fMRI).

The EE®ased approach is one of the brain imaging methods utilized in related research, and it is mostly used t
examine neural activities. The authors indicated that one benefit of using EEG signals in related studies is their grea
temporal resolution, which can reach the millisecond level. Additionally, more recent EEG collection devices have received
favorableassessments for clinical and reabrld BMI use in terms of signal dependability and mobility (Jung et al 2022). In
addition to assisting in thdiagnosis obrain tumors from electroencephalography (EEG),shaly ofbrain waves alsaided
in the treatment ofintellectual deficiencies, including Alzheimer's disease, sleep disorders, and pilot tiredness. Electrons pass
over the nerves, and the EEG data change regardless of how the human body impacts the brain. Numerous study
methodologies have beedeveloped by researchers who are enhancing bE#G communications to evaluate emotional
states. Simply said, the degree of human focus pertains to the many stages of the brain that exist when you carry out a
mental task. A student might be alert or suiged during a presentation, for instance, if their braiase not working
together. The recognition of each student's level of attention by them is covered in this article. Other demographics, such a
office workers,truck drivers, pilotsand others,mayalsohavetheir attention spansassessedgventhoughkidsmake upthe
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majority of the data used for these tests (Alam et al 2022). The use of bioinspired algorithms as effective and reliable
optimization techniques is widespread. Despite criticism that they are computationally expensive, they have been successful
in solving challenging optimization issues. Because they are good at maximizing the solutions to complex problems,
bioinspiredalgorithmsare becoming increasinglgommon as computingesourcesbecome increasingly readiwailable The

human brain is the source oflather degrees of control, and electroencephalography can be used to track it. Before the
invention of dry, commercial electrodes, EEG was an invasive and uncomfortable procedure, but now it is entirely available
even outside of lab settings (Bird et2019). A simple galvanometer was used to achieve the original result, which proved
that brain activity could be measured using this method (Varbu et al 2022). In 1973, the first request for a BMI was made.
Since then, there have been an increasing numhbfeuses of braircomputer interaction in fields as varied as forensics,
architecture, entertainment, education, and health. On the other hand, the fields of augmented reality (AR) and virtual
reality (VR) have attracted increased attention in recent years tb the ambition to make computer systems more
immersive and to design the next generation of user interfaces. Because they enable the researcher to immerse a user ir
simulated settings created and controlled to achieve particular objectives or to ekethin behaviors, virtual and
augmented reality bring up new and intriguing options for the application of BMI interaction (NWAGU et al 2023). It has also
been used to direct the use of an external rehabilitation or assistive device for patients whdeenediagnosedwith a

motor impairment. It has been demonstrated that BMI systems can use neurofeedback to apply the neural plasticity notion
(Orban etal 2022).Althoughit had beenthoroughlyexplored,the expressiorwasfirst usedby. BMIsare currently beingused

by ablebodied users in areas such as gaming, emotion detection, alertness assessment, and mental tiredness measuremen
(Wu et al 2020). The process of communicating information between a human and a machine to carry out specified tasks
usingl  LJ- NJi A Odzt I NJ a O2 y @S NE& I (i A-BoyhputegintefakttignJldall).IrBe eictiont pritnaryobjéctive K dz
is to recognize the emotion or to enable the computer to comprehend the user's mental processes, and HCI systems mus
communicate (Xue etl®2020). Stress is a key cause for concern in contemporary life. The World Health Organization (WHO)
claims that mental health issues and lost productivity have cost the global economy significant money. When the body is
subjected to unpleasant stimuli,rsiss is thaesult. Shorterm stressful situations that cause acute stress are often reflected

by fleeting physiological changes. Episodic stress may develop from acute stress that lasts for a very long time. Chroni
exposure to stressors or traumatic eus can lead to chronic stress, anxiety, and clinical depression. The major topic of this
essay is severe stress. Video games have been chosen as the stimulus to study acute stress (Roy et al 2022). Thss is due t
numerous uses in areas such as neuhatglitation, neuroprosthetics, and gaming, where it would be very beneficial to
decode users' perceptions of imagined movements (Padfield et al 2019). Electroencephalography (EEG), which is popule
because it is simple to use and noninvasive, is one efrttost widely used imaging techniques. Modifying the stated
principles for idea classification increases the method's efficacy (Aggarwal and Chugh 2022). The classification of moto
imagery (MI) based on EEGs is a crucial aspect of BMIs, which conneeutidogical system and computing devices by
turning brain signals into intelligible machine commands (Roy 2022). The purpose of this work is to provide a thorough
comparison of conventional classification techniques and to highlight the value of deepingbhased BMI methods,
particularly multilayer perceptron (Sharma 2022). A BMI that usesdpE@sa channebf communication between thérain

and outside objects. These applications improve the lives of healthy people by, among other things, encouraging
productivity, teamwork, and personal development. This article's goal is to provide a comprehensive overviewbhat&EG

BMI application research from 2009 to 2019 (Varbu et al 2022). People's emotional states have a significant impact on their
behaviorand physiological interactions. One potential medical use is the identification of patients’ mental illnesses. People
work and communicate more successfully when they feel well. Negative feelings can be harmful to one's physical and
emotional wellbeing. ue to the rapidly evolving field of machine learning, many early studies that looked at EEG usage for
emotion classification concentrated on gathering information from the entire brain. However, researchers are unable to
explain the relationship between fiitrent emotional states and EEG characteristics (Chatterjee and Byun 2022). Human
emotions are the fundamental component that determines a person's cognitive ability. These represent the brain's response
to internal or external events. To distinguish diint human emotions in a patient who is completely paralyzed, brain
machine interfaces must be used. EEG is one technique for capturing cerebral activity in-mdwrhine interface to assess
human emotions. The classification of human emotions has eade possible by technologies such as machine teaching
(Parveen et al 2023). The neural interfaces can be used for a variety of things, including the control of external equipment
and the stimulation or inhibition of a particular brain region's activitiie purpose of neural interfaces is to link the brain to
other brains or other external equipment. Other uses for the brain include managing external equipment, keeping track of
certain thoughts, and dispensing medication through circulation. @&rodes, a data acquisition system, an E&fplifier,

signal processing software, data acquisition, management, and visualization software comprise the BMI (Patel 2023). Thi:
section covers cognitive sentimental emotion categorization using aAbaE&& braiamachine interface.

2. Methodology

Thissectiondiscussesognitivesentimentalsentimentsusingan EEGbasedbrain-machineinterface.
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2.1 Dataset

The study used a MUSE EEG headgear readily accessible off the shelf to connect four dry extracranial electrodes. Tt
TP9, AF7, AF8, and TP10 electrodes monitor microvoltages. dlwdeers provided data for each of the six movie clips in
Table 1 for a total of 60 seconds, yielding 12 minutes of data on brain activity. This resulted in a dataset containiy 324,0
data points from brain waves that were resampled at a variable fragyef 150 Hz.

Tablel Lévheimcategoriesandtheir labeledencapsulatedeelings.

EmotionCategory Emotion/Valence
SurprisgNegative)Lackof Dopamine)
Anger(Negative RaggNegative)
Interest(Positive Excitemen{Positive)
ShamgNegativeHumiliation(Negative)
Contempt(Negative Disgusi{Negative)
Fear(Negative)rerror(Negative)
Enjoyment(Positive)Joy(Positive)
DistresgNegative)Anguish(Negative)

IOTMmMOO®@>

2.2.Electroencephalography

Electroencephalography involvasilizing applied electrodes to obtain electrophysiological information and brain
waves.Electrodesanbe implantedin the brainor subdurally ounderthe skull. Wet or dry electrodesmustbe positionedall
over the skull for noninvasive procedures. Ralectrical dataare measured in microvolts (uV), causing wave forms between
t and t+n.

2.3.Personafeeling

Despite being complicated and varied, human emotions may often be divided into two categories: good and negative.
Some emotions are similar to oramother that are "hope" and "anguish,” which, accordingly, are viewed as favorable and
bad but are frequently felt at the same moment.

Take the painful hope for a character's life in a movie that is unquestionably doomed as an example. According to
Lévheims threedimensional emotional paradigm, generalized positive and negative valence emotions are related to the
chemical makeup of the brain, as shown in Table I, where each vertex of the model corresponds to a different category of
emotions, A through H. fangeof chemical compositions can tieked to both positive and negativamotions. Additionally,
research demonstrates that chemical composition affects neural oscillation, which in turn affects the production of &lectrica
brainwaves. According to thigudy, emotions may be classified using statistical traits of the brainwaves that are produced
since they are chemically encoded and directly alter electrical brain activity.

2.4.PreprocessinysingMin-Max Normalization

The preprocessing method MiMax normalization, sometimes referred to as feature scaling, is frequently used in
machinelearningto rescale numerical features within a particular rangkeobjective is to maintain theriginaldistribution
while bringing all feature values to a similaake. Scaling numerical characteristics within a certain range is often done using
min-max normalization. It is often used to obtain data ready for models in machine learningndéimormalization may be
used to normalize the input characteristics of tthataset for diabetes prediction.
Min-max normalization is a technique of normalizing that uses linear modifications to the original data to provide a
fair comparison of values before and after the procedure
" =0
Qo = ixe e D
(o =The adjusted valuebtained afterscalingthe data
Y=outdated value
0 () =5 I G I Bighés@assiblevalue
0©) =51 il B©bwedtebasiblevalue

2.5. Mental emotionalsentimentclassificatiorusinga gradientg artificial neuralnetwork (GANN)

Time series forecasting, pattern identification, and process control are just a few of the scientific and technology
domains whereéG-ANN models haviound extensivaise. GANNs havédeeneffectively utilized to model a rang# different
functions since the late 1980s. Through an autonomous training procedure, the network may intelligently learn these
functions. Many network architecturerelated concerns, however, are still not well undergood. Accordingto several
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academics, @NNs area "black box'method that cannot offer significant and practical insights into timelerlying natureof
physicalprocesses. &ANN makes a very primitive attempt to replicate tsteucture and operation of thuman mind and
brain. It can be described as a system consisting of an interconnected network of simple neurons. Numerous nodes
connectedby links,often groupedin a numberof layers, makeaip the network structure. After eab nodein alayer processes
weightedinput from alower layer linksare usedto communicateeachnode'soutput to nodesin the upperlayer.Eachlink is
given a weight, which is a numerical assessment of the strength of the connection. A transfer fucti@nts a node's
weighted sum of inputs into an output.

There are three equations that characterize the backpropagation algorithm. In each learning step k, weight
connections are first altered

Yoy =00 0v+eodiy,, @
Secondthe information belowis correctfor output nodes.
1= e @
andthird, it istrue for the other nodes.
Ve By GYaEy @

where l’J_foJ)is the actualoutput of node “(h layer™Y d)ﬁ%is the weight of the connectionbetweennodei at layer (t-1)
andnode "Gt layer(;] (9isthe measure forthe actualerror of node"QL'ﬂ%is weighted.
€0 '

2.6. FeatureextractionusingprincipalcomponentanalysigPCA)

t/ s Fftaz2 1y26y & YI NK deodnyfeafu SxBistiodnd.dayi eepresghtatiorh apprdach ¢ S f
in the domains ofpattern recognition and computerision.PCAis a weHliked dimensionality reductiotechniquefor feature
extraction in machindearning and data analysiShrough theprojection ofthe data onto a lowerdimensional space, it seeks
to identify the most significant patterns and variations in the data. PCA does this by locating a coltdctioain
components orbifold axeg that maximizethe variancein the data. Byextractingthe distinguishingeaturesfrom the target
face and integrating them into a single, linear face as a result of the feature extraction procedure, the Eigenfacesdechniq
achieves its desired results. The face is projected into the space created by the eigenfaces to achieve recognition. Th
eigenvectors of the eigenfaces and the related picture are compared in terms of their Euclidian distance.

Thestepsareasfollows:

Stepl: Thesetof M images(B1,B2,B3,etc.)with a sizeof N*N is representedby a columnor row vector of sizeN2

Step 2: The description of the training set image average (1)

©=1B0 bq 5)

& a=1

Step3: Eachtraineeimagehasa different averageémageby a vector (W)

W 07 6)

Step4: Asdemonstratedoelow, the total scattermatrix or covariancematrixis calculatedfrom
0= Bi, Ghicfro= 68"Y (7)
0'MQW = [wilw2wo @dE&] (8)

Step5: Calculatehe covariancamatrix C'seigenvalues. andeigenvectordJL.

Step6: Theimagescanbe categorizedusingthis featurearea. Theweightvectorsare measured
n'Y= [ad, 62,8 .,ab §, 9)

Whereby,
"@= Y0 ‘),0=1, 2,8 .,0e (10)

3. Resultsand Discussion



https://www.malque.pub/
https://www.malquepub.com/multiscience

To demonstrate how successful a given methodtssjependability and effectiveness are compared to those of more
established techniques such as long skertm memory networks (LSTMsjJgevanet al 2019, deep neural networks
(DNNs) Zhanget al 2022, and convolutional neural networkR0y2022). It has been recommended that ANNs be used in
EEGbased braiamachine interfaces. These approaches are compared to conventional methods based on a variety of
parameters, including accuracy, precision, recall, and implementation cost.

3.1.Accuracy

When categorizingognitivesentimentalfeelings, accuracy is defined as tieeof beingaccurately categorized to the
overall number of occurrences. Figure 1 displays the accuracy of the planned and current systems. &dtsaaseuracy, it
has been suggested that the proposed ANN be used to classify cognitive sentimental feelings. While the DNN has a 93
accuracy rate, the CNN has a 90% accuracy rate, and LSTM has a 92.5% accuracy rate, the suggested method has a
acairacy rate. This demonstrates that the suggested method is more accurate than the current method. Table 2 shows the
accuracy values.

6(1]1:]!51 o b+ 11
100 —
80 4
g
% 60
[
H
3
< 40
20
0 T T T 1
CNN LSTM DNN ANN [ Proposed]
Figurel Accuracy.
Table2 Accuracy.
Methods Accuracy%)
CNN 90
LSTM 925
DNN 93
ANN[ Proposed 97

3.2.Precision

To classify cognitive sentimental feelings, a classification model's ability to recognize only the relevant data points is
used. Figure 2isplays the accuracy of the current and proposed systems. The proposed ANN accuracy has been suggeste
for application in classifying cognitive sentimental feelings. While the suggested method has a 96.2% precision, DNN has
precision of 95.4%, CNN hagecision of 91%, and LSTM has a precision of 93.6%. This demonstrates that the proposed
method is more precise than the current method. Table 3 displays the precision values.

e e L (1)
V+"®
Table3 Precision.

Methods Precision(%)
CNN 91
LSTM 93.6
DNN 95.4

ANN[ Proposed 96.2
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Figure2 Precision.

3.3.Recall

Recall is quantitativelgalculated as the sum of the true positives minus the false negatives. A cognitive sentimental
feeling may use a model's capacity to find all significant events in a batch of data. The recalls for the current andipropose
systems are shown in Figure 3. Tprejected ANN recall has been suggested for use in cognitive sentimental feeling. DNN
has a recall of 95.4%, CNN has an accuracy of 89%, and LSTM has a precision of 90.1%. The proposed system has a rec
95%. This demonstrates that the suggested meithas a higher recall rate than the current method. The recall values are
displayed in Table 4.

. T ¥
YQuaxo© oo (13)
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20

Ch'lN Ls"I'M DrllN ANN [ Pr'oposed ]
Figure3 Recall.
Table4 Recall.
Methods Recall(%)
CNN 89
LSTM 90.1
DNN 954
ANN[ Proposed| 96.2

3.4FI=measure

The F1 measure is a statistic that evaluates the overall effectiveness of a classification model or system by combining
accuracy and recall. It is frequently used to judge a model's effectiveneappropriately identifying and classifying
sentimental cognitive sensations. The harmonic mean of recall and accuracy, which adds the two metrics to obtain a single
result, is the F1 measure. Figure 4 depicts the F1 measure for the proposed and exiséngssyfie proposed ANN's F1
measure has been suggested for usage in cogrévegimental sensation. Theuggested approach obtains an-ieasure of
92.6%,comparedto 90.4%for DNN, 85.4%for CNN,and 87.3%for LSTM.Thisillustrates that the suggestedtechnique
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outperformsthe current techniquein termsof the Fl-measure Table5 displayshe valuesfor the F1 measurelt is computed
using the following formula:

o (01 THYEE X" YDaian)
"a 060 22—(|mﬂes+vmm (14)
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Figure4 F1 Measures.

Table5 F1Measure.

Methods Fl-Measure(%)
CNN 85.4
LSTM 87.3
DNN 90.2

ANN[ Proposed] 92.6

4. Conclusions

In this research, windowed dafeom four places on the scalp were used to evaluate the application of individual and
ensemble classification approaches to measure the participant's emotional state at that specific moment. The techniques
showed that it may be possible to assess a padict's emotional state using a readily available, 4®solution EEG
headband. There is a great deal of opportunity to develop categorization algorithms with practical uses for real decision
supportsystems. In systems that support mental health, respogdmmemotional stategan improvecommunication and aid
in the overall assessment of issues and probkatving strategies. BMIs based on EEG have shown promise in a humber of
applications, including the classification of sentimental and cognitive emotialisough the discipline is still developing,
there are a number of promising new paths and prospective improvements fobB&sa BMIs.
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Abstract The emotional semantic evaluation of natural language plays a crucial role in sentiment analysis. Deep
methods have shown great potential in capturing the complex relationships between words and emotions. This
proposes a deep learning fusion method for deploying emotional semantic evaluation. The technique combines |
deep learning architectures to capture local and global contextual information, including Bidirectional Gated Re
Units (GRU), Long &ft+rTerm Memory (LSTM) networks, and Setention mechanisms. Pretrained GloVe wc
SYOSRRAY3IQa dziAaf Al SR (2 SyKFIyOS 62NR NBLINBaSyidliGdaz:
employing seHattention means to assign weights dynially. This allows the model to weigh the importance of differ
representations in the final prediction. Benchmark movie review (MR) for sentiment analysis and emotion classi
tasks are used to evaluate the proposed method. Experimental redatisonstrate superior performance compared
individual deep learning models and traditional featdrased approaches. The proposed fusion method effecti
captures the nuances of emotional semantics in natural language, leading to more accurate anedherzaiuations.

Keywords:deeplearning, GRULSTMsselfattention mechanisms

1. Introduction

Emotions fundamentally impact human communication and comprehension. They affect how we see the world, how
we act, and how we want to perceive the world (Patilak2019). There has been a rise in interest in comprehending and
assessing the emotional content encoded in natural language as computational linguistics (ClinLing) and natural languag
processing (NLP) have developed. The dynamic semantic evaluatinatwhl language is the task of evaluating the
emotionalvalence jntensity,andattitude providedby text or audiodata. It seeks tadentify and extract emotionalkcuesfrom
verbal phrases, from straightforward assertions to intricate narratives.

The investigation of emotional semantics in natural language has wadging effects (Shaheed et al 2021).
Businesses can determine client happiness and sentiment toward their products or services by using sentiment analysis
techniques, such as recognizingetemotional undertone of customer reviews or social media remarks. Dynamic semantic
analysis can be used in psychotherapy and mental health research to analyse and track emotional states and identify
potential mental health problems.

Manual annotation ordnguage conventions are frequently used in traditional techniques for emotional semantic
evaluation (Ayzeren et al 2019). Thesehnigues, however, have limited ability to scale and require considerable tiarel
labor. Researchers have been able to teeautomated systems that can learn from and infer emotional content from vast
volumes of text data thanks to the development of machine learning and deep learning techniques.

Traditional methods for evaluating dynamic semantics frequently rely on mammaitation or language conventions
(Sommerfeldt et al 2019). These techniques, however, have a limited potential to scale and arartdriaborintensive.
Researchers have created automated systems to learn from vast amounts of text data and infer afraigent. This has
been made possible by developing machine learning and deep learning techniques.

Recurrent neural networks (RNNs) and attention mechanisms, in particular, have shown promise in recent
developments in deep learning for capturing the naad emotional semantics found in natural language (Shopon et al
2021). These models can focus on the temporal dynamics and environmental factors influencing emotional expression.

Our research aims to create a technique that accurately captures the sastlefiemotional semantics in natural
languageBy utilizingvariousarchitecturesadvantagegndincluding locahnd globalcontextualdata, we seekto outperform
our deep learning models and conventional featln@sed techniques.



https://orcid.org/0000-0002-5562-2486
https://orcid.org/0009-0004-5850-951X
https://doi.org/10.31893/multiscience.2023xxx
https://doi.org/10.31893/multiscience.2023ss0114
http://crossmark.crossref.org/dialog/?doi=10.31893/multiscience.2023ss0114&domain=pdf
https://www.malque.pub/ojs/index.php/msj

The additional divisions of this article are &allows: Part 2 introduces related works, Part 3 discusses the
methodology, Part 4 assesses the efficiency of the proposed method, and Part 5 concludes the paper.

2. Relatedworks

Guarinoet al. (2022)created amethod employingopen-endedsemanticquestionsto evaluatepsychologicabariables,
including emotions, thoughts, and attitudes. The findings demonstrated competitive or greater reliability and validity
comparedto rating scalesjndicatingthat the semanticquestioningmethod had goodstatisticalfeatures. Accordingo these
results,naturallanguagebasedsemanticmeasurementsnay enhanceand extendthe useof conventionalrating scalesn the
size and description of psychological variables. A study (Svetlakov et al 2021) propos&dnthatieEmotion Neural
Network (SENN), a unique neural network design that addresses the shortcomings of current emotion recognition models in
NLP. It comprises two subnetworks: a CNN for word interactions and emotional aspects and -digntjinal L$M for
background information and semantiokages. ThR6&6ENN moddias shown much betteemotion identification than existing
techniques.

Thestudy (Dargan and Kumar 2020) used bigrams, a semantic distance, to uncover new information on topic flow and
conceptual cohesiveness in samples of continuous English. The distance measurements were tested against data fron
simulated verbal fluency, and bigram length norms were created using a substantial corpus of text. The method shows
potential in elucidatinghow semantics argrocessed in realvorld tales and bridges thgap between smalcalesingleword
research and moréhorough discoursanalysis. Jain anganhangad (2019roposed agraphbased, semisupervisadethod
for capturingand modelling thevarious Anguagesubtleties and events involved in textuahotion expressionOurapproach
provides the building blocks for developing contextualized affect representations by generating rich structural descriptors.
They use word embedding to improve these repmsgions and test their effectiveness on different emotion recognition
tasks. The experimental results show that our approach is superior to-sfdtee-art methodologies. Sharma et al. (2021)
compared several methods for determining sentiment or moodiriteractions between therapists and clients during
psychotherapy sessions. The researchers used a database of 97,497 statements made during psychotherapy sessions to ca
out their investigation. The BERT model was trained using sentiment assessmentsbynadeple. By comparing the
individualkappavalues ofeach model, theesearchers assessed tperformanceof each.Thesetechnologicadevelopments
offer a viable way for researchers to conduct extensive research on sentiment analysis in psychotbesaysly
constrained by timeconsuming and manual procedures.

Guarino et al. (2023) suggested a big data sentiment analysis technique based on sensitive information subjects. The
aim is to use natural language processing technology to extract sentiterdéncies from the massive volume of text data
produced on thdnternet. Theprocess described in thetudy uses aeural network model to combingemantic subject data
into a text representation. The attention mechanism in the model aids in determitiagignificance of every sentence in
the text. In the age of big data, the model's adaptability is further improved by incorporating sentiment dictionary ¢gbellin
making it a useful tool for monitoring public opinion and sentiment analysis. Pereira(@0aB) investigated the application
of NLP (natural language processing) methods to collect and analyse emotions expressed on social networking platforms
With the ability to gather data continuously across time and reduce the input of data and otlessgtrelated errors, the
method has advantages over more conventional approaches. By analysing social media data, NLP can be a potent tool fc
clinical analytics and healthcare informatics, giving significant insight into patients' sentiments and emotions

The objective of Casanova et al. (2021) was to create a fresh deep neural network sentiment analysis model. The
model optimizes grid searehased hyperparameters and integrates long skerm memory (LSTM) with convolutional
neural networks (CNNs). Thsudy's findings show that in terms of accuracy for sentiment analysis, the suggested LSTM
CNNgrid searckbased neural network model performs better than the baseline models. A study (Cascone et al 2020)
employs a neural network model to integrate toemantics into a representation of text. Adding a system for attention,
which uses a contexdware vector to determine each word's weight, allows for integration. The experimental findings in the
research show how well the suggested model works to incré@sealidity of sentiment assessment results.

Terhorst et al. (2019) suggested a theoretical framework for mining messages to extragtdined information on
disasters, such as affected parties, damaged infrastructure, and disrupted services.hEysgniploy LSTM networks to
categorize tweets about disasters into two categories to obtain higher accuracy by preservinterlongemantic
dependencies.

3. ProposedMethod
3.1.Dataset MV (moviereview)

A total 0of10662 favorable and negativeovie reviews aréncluded in this dataset, with each revieensisting obne
sentence. Predicting sentences' positive and negative feelings is difficult.

3.2. TextEmbedding
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We are awarethat neuralnetworkscannot befed text directly. Firstwe musttranslatethe text's wordsinto numbers.
Therefore, using the acquired representation of the expressiectors as input, we pretrain an unsupervised embedding
vector from GloVe2 to produce the word embedding.

If the vocabulary count of the dataset ®nd the input sentenc& hasé words with an average word embedding
dimension ofi , the matrix of embedihg & will have a dimension space 6f2 As a result, here is how the sentence is
represented in the input:

Wiq,i0038...0:), 0N ¢t 1)
Uisthe lengthof the spaceof every word inthe lexicon.
3.3.BIGRU

The recurrent gatedunit (GRU) was first proposed as a standard recurrent neural network (RNN) variation. With
inputs@ andi GRU compute®) for each point t as follows:

=, ('@ + Yo 1) @)
Yi=.(Qa+ Yq 1) @

whered,Qand ut stand for the reset gate, update gate, andithensional hidden state, respectively. The GRU has
three parameters'Q,"Q,"@Q,and’Y;,"Y,, Y. The sigmoid function, or elementwise production, is represented by the symbol.
We represent the preceding context for a word at s using the hidden state fronfiditveard GRUQ and the following
context for that word at s usingthe hidden state from the backwardsGRU,d, which reversesthe text encoding.The
bidirectional contextualencodingof wis concatenatedinto the string @=[q ; §] and usedasthe BFGRUlayer'soutput at
time s.

3.4.LSTM

Long shorterm memory (LSTM) is an architectural type of recurrent neural network (RNN). It was created to solve
the issue of vanishing gradients, which prevents typical RNNs from capturindelonglependencies in sequential data. In
this scenario, the angles gradually disappear or increase exponentially over time. The input gate decides the amount of
receiveddatathat shouldbe storedin eachmemorycell. Eachmemorycellcomponent obtains aaluebetween0 and 1 after
being fed the current input and the prior concealed state through a sigmoid activation function. The forget gate determines
information removedfrom the memory cell. It uses the prior hidden state and the current input as inputs, applies a sigmoid
activation function, and outputs a value between 0 and 1 for each memory cell element. The information that should be
forgottenis determinedby this gate asno longerrelevant. Theoutput gatedecideshow muchof the contents othe memory
cell should be used to compute the output of the LSTM unit. A value between 0 and 1 is produced for each memory cell
component using the current input and the priorddien state as inputs and a sigmoid activation function. This gate aids in
the selective output from the memory cell of pertinent information.

=, (D@ + YR & (4

Q= ., (0@ + Yo' Q Y ®)
€=, (0s0+"Q Q) (6)
3.5. Selfattention

In neural networks, particularly in models such as transformers, a process known -ateelbn, also known as
scaled dotproduct attention, is employed t@ecord significant links between various parts in a sequence-a8elition
enables the concurrent processing of all sequence components, in contrast to recurrent neural networks (RNNs), which only
process rows sequentially. Each sequence element is igfditquery, key, and value vectors during satiention. These
vectors are constructed from the input sequence to calculate attention scores between various items. The attention scores
determine the relevance or importance of each component with oth@itse dotproduct operation, scaling, and softmax
normalization are used to calculate attention scores.

After being received, the attention scores are utilized to weigh the appropriate value vectors. The contextual
information for each element in the sequemds then captured by adding the weighted values to create a weighted
representation. This enables the model to suppress useless or noisy input and prioritize relevant elements. Compared to
conventional recurrent architectures such as GRU (gated recuaitit and LSTM (long shet¢rm memory), sekattention
hassomeadvantagesBecausettention ratingscan give largerweightsto significantparts regardlesof where they arein
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the sequence, it makes it possible to capture lgagge relationships more effectively. Saiftention also enables parallel
computation, making it quite effective for handling lengthy arrangements.

4. Result

The effectiveness of the suggested and current methods is assessed in this section. The parameatecallare
accuracy, precision, and MAE. £SSN (Rodgers et al 2021) and GEISNM (Fenu et al 2021) are the current processes.
Accuracy is a metric for how well a model forecasts the results or labels of a specific dataset. It is computed by
dividing the tdal number of forecasts made by the number of accurate predictions, commonly expressed as a percentage.
The accuracy value is greater than that of our proposed method. Figure 1 depicts the accuracy outcome. By comparison, i
shows that thevalue of our prposed method (proposed method 96%) is superior to existing methodsGESIS33%, GCNN
LSTM 90%).
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Figurel Outcomeof accuracy.

The accuracy of categorization or prediction models is evaluated using a statistical metric called precision. Out of all
expected positive events (true positives plus false positives), it determines the proportion of events that were accurately
anticipated to bepositive(true positives). Figur@ depicts theprecision outcome. By comparison, it shows tbat proposed
method (poposed method 95%) is better than existing methods (EE8I 81%, GCNNSTM 89%).
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Figure2 Outcomeof precision.

Recall, also known as sensitivity or true positive rate, expresses how many positive occurrences the model correctly
accepted. Theroportion ofreal positives to all real and erroneous negatives is calculatedredadl valuds larger than that
of our proposed method. Figure 3 depicts the recall outcome. By comparison, it shows that our proposed method (proposed
method 93%) igreater than existing methods (F&EN 85%, GCNMNTM 88%).
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Figure3 Outcomeof recall.
The acronym MAE stands for mean absolute error. It is a typical metric to assess a collection's average error size o

deviationsbetween expeatd andobservedvalues MAEmeasureshow closelythe predictionsmatchthe actualdatawithout
considering the error's direction. MAE is less than other values. Figure 4 depicts the MAE outcome. By comparison, it show
that our proposed method (proposed rted 0.6) is improved over existing methods (f&83SN 1.8, GCNDSTM 1.3).
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Figure4 Outcomeof MAE.

5. Conclusion

This paper proposes a deep learning fusion method approach for evaluating emotional semantics in natural language.
The technique gathers locand global contextual data using long shtatm memory (LSTM) networks, selftention
mechanisms, and bidirectional gated recurrent units (GRUSs), allowing for a more thorough comprehension of the
connections between words and emotions. To improve worndresentation, trained GloVe embeddings of words are also
used. Benchmark movie review (MR) for sentiment evaluation and emotional task classification is used to assess the
proposed technique. According to the experimental results, it performs better thagies machine learning models and
conventional featurebased methods. The fusion method's skillful capture of the intricacies connected with emotional
meaning in natural language allows for a better assessment of sentiment and attitude. This study datesrtbie possible
use of deep learning fusion techniques for the textual representation of intricate emotional interactions. It improves
sentiment evaluation and emotion classification tablgsproposinga moresophisticatedand precisemethod forinterpreting
and deciphering emotion semantics in natural language. lacgée, higkhguality datasets are essential for training deep
learning models. Emotional semantic assessment necessitates labelled data with precise emotional annotations, but these
may be fev or challenging to acquire. Emotional semantic evaluation can be improved by incorporating other modalities,
including text, audio, and visual data. Tdevelopment ofdeep learning fusion techniques that successfully integrate several
modalities to incrase the precision and robustness of emotional analysis can be the subject of future research.
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AbstractA crucial field of study, personality assessment has applications in marketing, human resources, and psy
Existing approacheshowever, frequently rely on arbitrary seléport surveys, which might introduce biases a
constraints. As a result, there is a need for trustworthy and impartial personality testing tools. Using signature bii
data, we suggest a Salp swaoptimized Siamese neural network (SSDIN) in this research to forecast persona
attributes. In order to gauge the effectiveness of the suggested strategy, we first collect information from tk
handwritten databaseA median filteris used duringore-processingo reducenoisein the gathered signaturghotos.The
SSGEBNN uses the SSO algorithm's optimization capabilities to speed up the SNN's learning process. Numerous
run to determine how effective the suggested strategy is in termsefrics like accuracy, precision, recall, anes¢bre.
Experimental outcomes demonstrate the better performance of the suggestedSBIBOtechnique in forecastin
personality traits when compared to existing approaches.

Keywords:SBEpersonalitytraits, SSOGSNN

1. Introduction

In recent years, biometrics has advanced significantly, enabling the identification and authentication of people based
on certain physical or behavioral characteristics. While the primary use of biometric devices has been to peeptiéyfor
security reasons, there is growing interest in the technology's ability to anticipate and comprehend human behavioral traits.
Due to its accessibility and convenience of use, signature evaluation has become one of the more attractive biometrics
techniques (Feldmann et al 2021). Signatures have long been acknowledged as a distinct and individual type of expressiol
and new breakthroughs in machine learning present a chance to extract useful data from these signs. The application of
physical featues, such as fingerprinting or facial expressions, for the sake of recognition, has historically been the primary
emphasis of the area of biometrics, sometimes known as "biometrics." Signatures, on the other hand, present a different
biometrics mode that ca reveal information about a person's unique qualities. This has the potential to have substantial
ramifications in a variety of sectors, including psychology for forensic use, criminology, and human resource management,
amongothers (Fenget al 2018).Numerous fieldssuchasmental health, personnel, advertisingnd customizedservicesgcan
benefit greatly from knowing an individual's character. Questionnaires and interviews are two common traditional methods
for evaluating character, although theyeabiased and subject to subjectivity. A goal and perhaps more accurate method of
assessing personality is provided by biomelr&sed techniques. It is possible to gain important insights into a person's
personality traits and tendencies by studying th&gnature, which acts as a unique and personal mark (Aarva et al 2019).

Many fields of study have been transformed by deep learning, a branch of machine learning that includes computer
vision and natural language processing. It has the potential to cordijeimprove the analysis of complicated biometric
characteristics because of its capacity to autonomously learn hierarchical representations from huge quantities of data. The
readability, fullness, flourishes, t, and dots also have a significant impacnoindividual's character. Handwriting is
distinctive to each person, and it is called brain writing. Each neural brain structure produces a particular type of muscle
control that is the same for every person with that particular character. Handwriingredicate a person's morality, hidden
talents, medical conditions, previous encounters, and psychophysiological states. It can also show psychiatric illnesses an
physical problems. Hence, it is used as a diagnostic tool. Graphics is the study ofvatuatidiwriting or signatures to
analyze their personalities and ascertain their character or mental state. It also aids in the field of forensics. RBersonalit
recognition is an empirical technique that recognizes and assesses an individual's emotidwosvathdy affect the style and
structure of their handwriting or signatures (Willemink et al 2020). The handwritten signatures include dimensions, upper,
lower, and middle zones, borders, angles/slants, velocity, stress, vertical and horizontal linsspattes thrive a stroke
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in bilingual writings, most of which indicate first and last names as wellstet@ment made by individual, signifying his/her
consensus or existence on tpéece of paper. The handwritten signatures incorporateadety of fluid and innate behavioral
aspects that are helpful in identifying an individual's soft biometrics traitshsas age, gender, ethnicity, skin tone, scars,
handedness, personality traits, height, etc. (Adeyemi et al 2017). In this study, we suggest a Salpwaizad Siamese
neural network (SSGNN) for predicting personality traits using signature bioretgta.

The remainder of the paper is divided into the sections below. The method is explained in Part 3. Part 4 contains the
result. In Part 5, the conclusions are discussed.

2. Relatedworks

The study (Jiang et al 2021) was to use prior CT scans to creaepadearningbased signature that may forecast
mortality and the usefulness of additional chemotherapy. In order to achieve a binary categorization in identifying gender
utilizing the numerical characters of the signature dataset, the study (Kumar 2024l) concentrated on employing six
distinct ML techniques. Various character features, such as equilibrium, optimism, pessimism, confidence, etc., may be seel
in the examples of handwriting used in their work (Saraswal and Saxena 2022). Their approacipaids of identifying
each personality utilizing KNN methods. The study (Siraj et al 2022) conducted binary categorization for recognizing gende
utilizing a total of six different ML methods, utilizing the numerical capability of the signatures datatuidy (Ayzeren et al
2019)reported theresults ofan exhaustive examination afvariety ofsinglemodal andmultimodal biometrics records, with
a focus on the accessibility, designations, material, and sample counts of signatures and hanthuanitietyics. The study
(Landau et a020) was to provide evidence that it is possible to invade a subject's privacy by means of EEG information that
was obtained from the use of BCI apps. The study (Portugal et al 2019) intended to use feature regressimgnto
discover brain signatures throughout fluid emotive facial processing that are forecasting indicators of depression agd anxiet
throughout a range ranging from healthy to pathologic values. The study (Shin et al 2022) was to providebased/L
technique for categorizing individuals as adults or kids based solely on the handwriting data they provided. The two kinds of
handwritten datasets used in their work were handwritten words and handwritten structure, both of which were gathered
using a pendblet. The research (Agduk and Aydemir 2022) was to figure out from handwritten specimen images, which vary
from individual to individual, thgender ofthe individual who penned th&vords as welbs their identity. Thetudy (Saleema
and Thampi 2020) wa® determine whether it is possible to create biometric templates from user profiles that satisfy the
reliability and uniqueness requirements for biometric identification.

3. Method
3.1.DataCollection

One hundred fifty individuals, all from CUI in Solrtionesia, built the records. Fifty signatures and five handwritten
texts were produced by each individual. The collection roughly includes 7500 signature items and 750 handwritten text
items. Demographic data is displayed in Table 1.

Tablel: Demographi®ata.

Contributor Gender AgeGroup Handedness EducationLevel
1 Female <25 Left Bachelor's
2 Male 2545 Right Master's
3 Female 2545 Left PhD
4 Male <25 Left HighSchool
150 Male 46+ Right Bachelor's

3.2.DataPreprocessingMedianFilter)

A popular method for reducing noise in image processing is median filtering. It works especially well to eliminate
impulse noise or satind-pepper noise, in which isolated pixels exhibit high values in comparison to their neighbors. Each
pixel value in an image is replaced by the median value of its neighbors as part of the median filter's operation. The
neighborhood's size, also known as the window or kernel size influences how much of a filtering impact there is. As the
median value iselss impacted by outliers than other statistical measures like the mean, the median filtering technique
successfully eliminates the extreme values that pmresent in the image. While retaining crucial edges and features, the final
image has less noise.

3.3.SianeseNeuralNetwork(SNN)

A series of M convolutional layers, an Inceptgigle layer, and a fully linked layer make up each twin in our SNN. For
the first twin and second twin of the Siamese Network, accordingly, we indicale pyandd ,; withv {1,2,...,0}.
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AD; x 0 x 0; kernel that is identical for both twins existsin the & 1z, and & ,; levels. Thisindicatesthat Nm
filtering with Km sizes exists. As depicted in Figure 1, the Inceptimlevel combines five rows of layers with convolution.
We just change the Nm filtering length and treat the kernel Sizex 0; as constant. Every single layer has an appeteri
buffer and an established pace of 1. Additionally, a Batch Normalization layer and an Activator layer using the "Rectified
Linear Units (ReLU)" function come after them. A +pagling level with a filter's size and cadence of 2 follows every
successivdlock of convolutional layers. Certain convolution layers can be created by stacking two convolution layers. After
the beginning level, a stride two averageoling follows.

Conv Conv
TXTX32 TX7X32
.
MaxPool MaxPool
3X3 3X3
Conv Conv
1X1X32 1X1X32
Conv Conv
3X3X32 3X3X32
! ! Conv 1X1XN,, Conv 1X1XN,, Conv 1X1XN,, Maxpool 3X3
MaxPool MaxPool ) v v
3X3 3X3 K Conv 3X3XN,, Conv 5X5XN,, Conv 5X5XN,,
/
! — |
Inception Inception *
32 32 Teeel . Concatenste
. v
AvgPool AvgPool
5X5 5X5
v [
Dense Dense
500 500
s
L1-Norm
v
Dense

Figurel SNNfor randomsignatureforgeries.

Thefollowing equationcanbe usedto representthe output ofthe &  §Cilter whenappliedto the & a5Qsection:
a(a)— RAN I (CRAN () wcw z 4 +®),2)

14 &1 ¢ 1)
{G(O‘) = & ConéEN A a0, ojd) , Zdz‘ 1+<JQ),2)
1,4 £ €

Wheredx 15 N U ¢xgx1 are thecorrespondingutcomesof oneor two layered convolutionsand! ¢ ¥ {1,8 , 0},
I a v {1,8 (fy} stands for the collection of a matrix with sizZ&sx ‘Q x ‘Q. Furthermore, the convolutional process that
results from using the convolutional filtering does not apply perfect overlapping among the filter and input daté and
indicates the biased vectors for tie  &xX). The entirely linked level, ar + 1 layer, containd) ;.1 neurons. The result
matrices of0 ; x 0y x 0y are melded into a x (0 ; x 05 x 0y) dimension matrix, and this new matrix serves as the input
for the first fully linked layer. As an activation operation, a sigmoid equation is used. As a result, the result isedatsulat
follows:

Qe = (& ARG )+ 6 )

{ 18+1 L0041 10 JETL 2
aberl = (@ Qi@ )+0 )
2&+1 0,0+1 2,0 £+1

ThefulIy-connectedayeredseparation,vvhichWascalculatewtilizinga'L‘) 1 horm, connectghe twin parts:

= aus+1 aus+1 3
l 1g+1 2£+1| ()

As this separation is a huge vector, it is additiontlyght with an entirely connected layer utilizing a sigmoid as its
activating function for summarizing its data. The final result of the Siamese network, as demonstrated by Equationes, is clos
to 1 if both twins generate a value that is identical and eltss0 otherwise.
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3.4. SalpSwarmOptimization(SSO)

The SSO is a bramgw swarmbased intelligent optimizer that took inspiration from slaps swarfesding patterns.
Slaps resemble jellyfish in that they are colourless and have a body form resembling a container. These monsters are linke
to one another via a slap network in order to communicate and identify food supplies fast while battling ftioraldi
sources of food. Different slaps perform different roles within the slap swarms, including leaders and subordinates.
Everybody is guided by the leaders, and the followers do as they are told.

Finding the bestood supply, shown aF inthe search aga, isthe final objective of swarms of antSimilar to previous
swarmbased optimizers, a starting population with the size and placement of people is predefined. Every single person is an
option for the ideal targeted solutions. According to Equationh®, two-dimensional matricesoocan be used to represent

the space of entire solutions.

oot E o
o ¥ E 2V
=Yz 2 U ®)
Ué é E éu
[of 0y E 0f]

Using the statistical approach, where leaders and followers follow separate formulas, the initialized salps are then
modified. Equation 6 provides updates to the salp leaders, which are important for feeding andtingvias previously

described.

(6 B+ @)
€O, DR+ W)

€ £

ot = {%+ 2 ®)

w9 &
o o

1

While & &3 and '@ stand in for the higher and power boundaries of th&Qdimensions, accordingly, and wheig
indicates the location of the leader in th@ 6Qdimensions, Fm denotes the location of the food supply for ¢héQ
dimensions. Th¢0, 1] rangeis therangeof unknown integers foparameters and’ (). Thesetwo factors controlthe search
step size and later search orientation in the domain of seaowards Hor Hoa parameter called) acts as a switch
between exploiting depth and exploring depth. It often decreases as the number of repetitions rises and can be calculated
using Equation 7:

4P
Q = 2°Q(3 )

Where "(and "Gstand for this particular iteration's number and the total number of iterations, correspondinglythe
locations have beemodified for salp followers in accordance with Equation 8:

2 1 @ o1
O =5(0: +0: ) (8

Wherethe location ofthe "@Qsalpfor the & GCQdimensionds representedoy 0fmandQ 2
Like other metaheuristic methods, SSA optimization techniques have strong flexibility in avoiding local optimal

situations.

4. Resultsanddiscussion

This section conducts an analysis of the following metrics: Accuracy(@s)sion (%), Recall (%), andsEdre (%).
Comparisons are made between the previous approaches, "Deep Neural Network (DNN)*Neat&Kt Neighbors (KNN)".

A typical measure of assessment used in machine learning and classification tasks is astucacgssesses how
accurate predictions made by a model are overall. It displays the proportion of accurately anticipated occurrences among all
instances. The accuracy level for both the proposed and existing methodologies is shown in Figure 2. Intootiteast
suggested method SSENN, which achieves 98.5% accuracy, DNN and KNN only manage to obtain accuracy levels of 89.3¢
and 93.4%, respectively. The SSEIN methods has higher accuracy when compared to existing methods.

B
©)

G o= _
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In machine learning and information retrieval tasks, precision is a regularly used efficiency parameter. It gauges the
percentage ofaccurate positive predictions among all positive forecasts produced by a model or system. In other words,
precision measures hoaccurately positivgredictions comerue. Figure3 displayshe Precision levefor both the proposed
andexistingmethods.DNN and KNN onlymanageto achievePrecisionevelsof 90.4%and 94.5% comparedto the suggested
approach SSGNN's 97.6%, respectively. Comparing the-SIS® methods to other approaches, it has a greater Precision.
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A recall is a statistic used to assess the categorization model's efficiency, especially in binary classification pgroblems. |
assesses the model's capacity to accuratdistinguish positive cases from all of the actual positive examples. Figure 4
displays both the proposed and existing approaches' recall levels. The recall values of DNN and KNN are just 89.5% at
91.4%, respectively, compared to the suggested approachSh8Cs 98.1% recall. When compared to other methods, the
SSGEENN methodology has a higher recall.
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Figure4 RecallOutcome.
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Acommon metric usedo assess a machirearning model's efficacy in task classification iskfiscore.lt gives a fair
assessment ad model's correctness by combining precision and recalls into a satgig. When working with datasets that
are unbalanced andhaveunequal distribution ofclassesthe Flscoreis especialiyelpful. Figure5 displays the=1-Scoreevel
for both the suggested and existing methods. DNN and KNN only succeed in obtakngrédalues of 89.9% and 92.5%,
respectively, in comparison to theiggested approach SSDIN, which obtains 97.6%-Btore. When compared to existing
approaches, the F$core of the SSGNN methods is greater.
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5. Conclusion

Evaluation of personality is important in psychology, HR, and marketing. However, subjectivepsslf
guestionnaires cabiasandlimit existingapproachesThus personalityassessmenmustbe objectiveanddependable. Using
signature biometric data, we proposed a Salp swaptimized Siamese neural network (SSBN) in this research to
forecast personality attributes. In order to gauge the effectiveness of the suggestedggtrate first collected information
from the CIU handwritten database. A median filter was used teppoeess the gathered signature images in order to
reduce noise. The performance measures of our suggested technique were accuracy (98.5%), PredSion R&call
(98.1%), and #measure (97.6%). The proposed method for identifying personality has been shown to be more effective
through experimental testing than the one currently in use. Future research will examine how machine learning approaches
might be used to characterize online handwritten signatures and other biometrics.
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Abstract A person's gender must be correctly identified for many applications, such as tadereides, social science
and humancomputer interaction, to function properly. Traditional gender identification techniques mostly depen
physical traits, but new developments in psychological biometrics provide interesting alternatives. Over thevést
years, several access control systems have included biometric security technologies to increase security. The ha
signature is the psychological biometric characteristic that is most often used to validate daily documents like
contracts, wills, MOUs, etc. This study proposes an innovative Deep Learning (DL) approach to identify a person
from an image of their handwritten signature. The fusion of statistical and textural information taken from the trads
photos serves athe foundation for the proposed work. The texture is represented by the Pyramid Histogram of Ori
Gradients (PHOG) features. A novel sequence labelling multidimensional recurrent neural network (SLMRNN) is ¢
to classify the writer's gender. Eextsive experiments are carried out on the gathered dataset to assess the perforn
of the suggested technique. The efficacy of the fusion features and DL models for gender recognition is evaluate
variety of measures, including accuracy, precisicecall, and F1 score. To evaluate the suggested approach a
existing procedures and emphasize its advantages, if any, comparative assessments are also carried out. Th
show that, in comparison to conventional approaches, the combinatiohebiavioral biometric variables with cutting
edge DL algorithms greatly enhances gender identification accuracy. The suggested approach is anticipate
beneficial in the development of effective computer vision tools for forensic analysis and alatitént of papers with
handwritten signatures.

Keywords:PBDgenderldentification,PHOGSLMRNN

1. Introduction

Biometrics is a scientific method that uses a person's unique physiological and behavioral characteristics to identify
them. Soft biometrictraits could be seen in humans in addition, such as gender, age, ethnicity, weight, height, gestures,
stride, accent, ear shape, leg and arm length, skin color, hair color, etcetera. Biometrics has evolved into a standard
technique for many different kind®f system identification. When it involves defining biometrics, the International
Organization for Standardization (I0S) uses the term biological process for recognizing and analyzing an individual based c
physiological and behavioral characteristicstiiP2019). The process of using a person's mental features and characteristics
as an aspect of recognition or verification is referred to as psychological biometrics and the word psychological biemetrics
used to denote the practice. It comprises gathgridetails on a broad spectrum of psychological qualities and utilizing that
data to develop unique profiles of individuals. The goal of the field of psychological biometrics is to identify and d@halyses
unique characteristics that are associated witheatain individual via the use of data mining tools. Statistical or data mining
methods are often used, depending on the situation, in order to evaluate the data and develop models that are able to
successfully classify individuals or authenticate thensedlaon psychological biometric information (Shaheed 2021).
Psychological biometrics include a wide variety of measures of thought, feeling, and action. Cognitive processes include
things including memory, attention, and problesnlving; affective processesich as emotions and facial expressions; and
behavioral trends comprising dynamic typing and analysis of the gait. Questionnaires, interviews, cognitive tests,
physiological measurements, and direct observation of human conduct are only some of thechesgathodologies that
have been used (Ayzeren 2019). Analysis of psychological biometric data for gender identification is the study of a person'
psychological traitandqualitiesto infer or estimatetheir gender identity. Psychologichiometric data aalysismayprovide
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information on societal trends, but it's not a fool proof method for learning someomats sexual orientation. To address

the issue of gender identity with care and respect for -gddhtification, it is essential to have a comprehension of the
complexity of gender. It's difficult to find consensus on tise of psychological biometricstime research of gender identity.
Although the reality is that certain psychological features may be more frequent in one gender than the other, gender
identity is a highly individual and particular experience that cannot be distiled down to a singleolpigsil sign
(Sommerfeldt 2019). Psychological and biological data alone are insufficient to establish the gender of an individual.
However, gender identity is much more than simply outward appearance. Addressing the issue of gender identity with
compassion, respect, and an awareness of the range of gender experiences and manifestations is essential (Shopon 2021).
this study, we proposed machine learning framework for analyzing the gender categorization was gathered from the
appearance of theihandwritten signatures. This approach would include textural and statistical information.

2. RelatedWork

The research (Guarino 2022) introduced a revolutionary machine leabsisgd method for determining a user's
gender using just touch movement data colied via application programming interfaces. The goal is to determine which
gestures, or combinations thereof, are most helpful in determining gender. The research (Svetlakov 2021) provided insight
into how factors likesamplesize,gender, ancage mightinfluencethe accuracyof biometricidentification basedn EEGlata.
Unigqueness, fraud resistance, portability, ease of use, scalability, the potential of accurate attendance monitoringoand so
are only a few of the benefits of biometric systems overrenoonventional authentication techniques. The paper (Dargan
2020) explained the biometric techniques and authentication methods together assist improve the security of applications
when user involvement can be inferred; nonetheless, these systems wilrapdace existing authentication tools and
technologiesSecurity, surveillance, forensitvestigations, fraudulent technologieslentity access management, aadcess
control are just some of the many fields that have benefited from the widespread fifgometricbased identification
techniques and systems. The paper (Jain 2019) described the execution of the A Prescription for Healthy Living (APHI
diabetes education using a culinary medicine curriculum at a dlesed food prescription programmer agell as its
preliminary impact on biometric and dieelated behavioral and psychosocial outcomes. The study (Sharma 2021) focused
on the use of smartphonbased soft biometric features. Extracted gender and age are examples of soft biometric
information that is only incidental. The research (Guarino 2023) developed abasbd sexual predator monitoring system
that makes use of SSB properties. The goal of social biometrics is to derive a user's unique behavioral pattern from theil
online social interactios and communications. The study (Pereira 2023) provided a comprehensive evaluation of data
acquisition methodologies. To better comprehend the role that certain factors in the information capture technique of an
ECG signal play in the biometric identifioa process. The research (Casanova 2021) examined touch dynamics and features
retrieved from the periocular region connected to the blinks, pupils, and fixations to create an online user identification
model. To identify and differentiate online users, ppocedure known as web user behavioral recognition has been
developed. The research (Cascone 2020) described the comprehensive investigation to show that changes in pupil size ar
dilation over time may be used to possibly categorize individuals by adegander. This was accomplished by using 14
supervised classifiers in a dataset developed specifically for gaze analysis. The paper (Terhorst 2019) offered a method f
improving theprivacy ofsoft biometrics by omittingsome ofthe less essential detaifsom a biometric template. Aelevance
measurefor each variablés derived during decision treensembletraining, andthis measureisthen utilizedto progressively
remove variables from the prediction of sensitive characteristics. The paper (R&figtsanalyzed how Alased facial and
musical biometrics affects consumers' mental and emotional states, and how that, in turn, affects their reactions in terms of
the value they provide for the business. The article (Fenu 2021) investigated the connleetiseen the aforementioned
balancing settings and current group fairness indicators as they pertain to speaker recognition. To do this study, they have
operationalized many concepts of fairness and are tracking them while using differenbalatecing nethods. The paper
(Brown 2021Yetermined convolutional systems that depend on basic passw@elsonal identification numbers, dokens
have been offered as an alternative to biometric identification techniques that rely on physical and behaviogl trait
Researchers hawvecommended using thembilities to gather physiological data tacilitate automated useidentification in
the study (Piciucco 2021). The very nature of wearable technology makes it possible to monitor for unauthorized use of the
deviceor to actasa userinterfacefor biometricrecognition systems thananagephysicalor digitalaccess taestrictedareas
or services.

3. ProposedMethodology

The suggested approach is based on the combination of statistical and textural data extractethé distinctive
images. The investigation discovered no gender identification in the publicly available standard photo databases of
handwritten signatures, then prprocessed using and feature extraction for PHOG. We propose an innovative SLMRNN
technique for classification. The suggested block diagram is shown in Figure 1.
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3.1.Datacollection

Accordingto the research conducted, no gender identification canftwend in thepublicly accessiblstandard picture
datasets of handwritten signatures. As a consequence of this inspiration, wedmildataset to test out the recommended
strategy. The following text elaborates on the nature of this one's very own offline database of handwritten signatures.

U Multiple age groups are represented in the signature samples. Multilingual Kannada, Hindihivana English
scripts are included in these examples.

U Eachpersonhassignedten copiesof awhite A4dpageusinga blackor blue ballpointpen.

U The EPSON DS1630 colour scanner was used to scan the sample signature documents to eliminate any measurak
geometrical differences.

U The 479 individuals, including 250 men volunteers and 229 women volunteers, provided the database's 4,790
signatures.

The goal of collecting signature samples was explained to everyone who could read and write in English and other
languages.

3.2.Preprocessing

Preprocessing is mostly used for improving the essential features of handwritten signatures and improving data by
removing undesirable distortion or noise. There are numerous processes involvedpnogessing the gender classification
of authors basedn their handwritten signatures to extract useful information and categorize the signatures correctly. Data
collection, the first phase, is compiling a datasehahdwritten signatures from multiplauthors. Preprocessing procedures
are used to improvenformation once the signatures are in digital format.

3.3. FeatureExtractionby usingPyramidhistogramsof orientedgradients(PHOG)

The feature vector that HOG has recovered corresponds to a statistical histogram, which often disregards the intrinsic
structural information contained in the finger vein picture. PHOG, uses HOG to account for the spatial gradient pattern of
picture intensity. By sampling images at various resolutions, as information conveyed in photographs varies with the
resolution, the PHOG @pator can provide a more accurate description of vein properties. Having a significant impact in
reducing noise and rotation, PHOG emphasizes the benefit of using spatial information from images to characterize features
To create a collection of photositiv various resolutions, PHOG utilizes up or desampling. The pyramid is arranged with
the picture with the highest resolution and size at the base and the image with the lowest resolution and smallest size on
top. The lower the location of the picturenahe pyramid and the greater the amount of information that can be expressed,
the clearer the picture, and the greater its value. In some ways, thdeog image's low resolution helps to better portray
the general structural aspects of the original geawhile reducing the impact of noise. To gain more precise characteristics
information, PHOGintegratesthe local and global properties of photographs.The ultimate representationof the PHOG
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feature of a picture is a vector &g 4tneasurements, where K is the number of intermissions that make up the change in
strategy.Listhe total amountof stageswithin a hierarchy.Assumé=4and K= 8 thus, the measuremeniof PHOGs (40 + 41
+42 +43 ) x 8 =680.TheHOGfeature histogramis normalizedusingthe L2norm, which maybe written asfollows:

2 (1)

6, ££16;0=
N i+ 12
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summing the histogram vectors from each successive layer in pyramidal order, they get the final PHOG feature histogram.

3.4.SequencéabellingMultidimensionaRecurreniNeuralNetwork(SLMRNN)

SLMRNN is a kind of neural network desiged for sequence labelling tasks including speech recognition, NLP, and
gesture recognition. By handling multidimensional input data, it expands the capabilities of the Conventional Recurrent
Neural Network (CRNN) model. Sequence labelling is a sort ciiinealearning activity that entails providing a label or
category to each element that is included within a sequence of input data. This may be done manually or via the use of an
automated system. The input sequence may be of variable lengths and masespmany kinds of data, such as words in a
phrase, phonemes in voice, or tags in a pafrspeech tagging position.

The formula for determining the probability conditional of a string of labels z in a lotesin Conditional Random
Field (CRF), giverstring of observations, can be found here.

6 (0= _"pgv exp B _Q¢
foiie} i &l o

,Q,0,i)} &)
r (¢ i=1 i1 i

Where, Q& 1,¢,0,1) is a feature function (typically binamalued, but it may also be remblued),_g is a learning
weight connected to feature€y, andf (w) is a normalization variable that sets the average of all labelling sequence
probabilities equal to one. Any element of the state transitions may be captured by the feature fungtiqng and of the
entirety of input process, which is useful for understanding the connection among labelling and the properties of the entire
input sequencew at a certain timeé. Following the model provided in Equ. 2. The following is the input sequ@rist¢he
probable labelling sequencenz @i "Qa Guy Uai(@lL, ) This is effectively decided by dynamic programming using the
Viterbi technique.

Recurrent neural networks with multiple dimensions (MDRNNSs) are another application of MRNNs to high
dimensional sequence learning. Recurrent connections are used by this network to learn correlations in the data for each
dimension. A typical form of neural network technology used in the recognition of words and natural language processing is
the MDRNNAnN example of a neural network with loops that allows data to be saved inside the network is a MDRNN in
Figure 2. The most important feature of MDRNNSs is their capacity to preserve a hidden state that stores data about previous
inputs. This hidden state txcas a repository for the network's prior calculations and is updated at each time step. The next
input in the sequence is subsequently processed using the updated hidden state. MDRNNSs can represent dependencies an
make use of temporal information in theéata thanks to their recurrent nature. The MDRNN, the focus of this research, has

%Irown ready for definition. A nonlinear dynamicalsystemthat mapssequencego sequencess the typical MDRNN.The
DRNNusesthe followingalgorithm1 to producea sériesof hiddenstates 1and asequenceof outputs;oo:1

MRNN

\ / ‘ /) \ J
/ N / —~
—\\‘/_ \\1/ \.'[(
Input : w . Qutput layer
layer Hidden layers: ‘deep if > 1 (class/target)

Figure2 MDRNNwith loops.
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Algorithm 1: MDRNNAIgorithm
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Where MDRNN'shidden and output deviations, (. )and(X.), and go, @ matrix of variablescontainingthe initial
hidden state, respectively, are all mentioned. The MDRNN's loss is typically the total of losses eatéptime

(@) = B 0(a; 6) ()
Thebackpropagationhroughtime approachmakesit simpleto calculatethe MDRNNstlerivatives.

4. Performanceanalysis

4.1.Results

In this part, thesuggested system's effectiveness is evaluated. The performance indicators used for assessment are
accuracy, precision, recall, andrieasure. K Nearest Neighbor (KNN), Support Vector Machine (SVM), and Random Forest
(RF) are the existing methods used domparison.

4.1.1.Accuracy

A difference between the result and the true number is caused by inadequate precision. The percentage of actual
outcomes reveals how balanced the data is overall. Accuracy is assessed using an equation (4).

TP+TN
Accuracy:

TP+TN+FP+FN (4)
Figure.3 shows the comparable values for the accuracy measures. When compared to existing methods like KNN
which has an accuracy rate of 81%, SVM, which has an accuracy rate of 78%,wahidiRIFas an accuracy rate of 93%, the

recommended method's SLMRNN value is 95%. The suggested SLMRNN performs with higher accuracy than other methoc
Table 1 displays the proposed method's accuracy.

Accuracy (%)
-3

KNN‘ 20 SVM’ (20 RF '[201 SLMRNN EPmposed]
Figure3 Accuracycomparisondetweenthe suggeste andcurrentapproaches.

Tablel Comparisorof Accuracy.

Methods Accuracy(%)
KNN(Kumars2022) 81
SVM(KumarS2022) 78
RHKumar 2022) 93
SLMRNNProposed] 95

4.1.2.Precision

Themost crucialstandardfor accuracyis precision,it is clearlydefinedasthe percentageof properly categorizectases
to all instances of predictively positive data. Equation (5) is used to compute the precision.
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.. TP
Precision=

TP+FP ©®)

Comparable values for the precision measures are shown in Figure. 4. This proves the suggested strategy may provid
performance results that are superior to those obtained by the current study methods. The precision of the proposed
approach i96% ,which performsbetter than existingoutcomes.Include KNNSVM,and RFprecision ratesre 88%, 72%&and
92%. Table 2 shows the precision of the suggested method contrasted with the existing methods.

100

80+

Precision (%)
3
1

IS
o
1

20

KNNI [20] SVMI [20] RF '[201 SLMRNN [IProposed]
Figure4 Precisiorcomparisons betweethe suggestedindcurrentapproaches.

Table2 Comparisorof Precision.

Methods Precision(%)
KNN[20] 88
SVM[20] 72
RHA20] 92
SLMRNNProposed] 96

4.1.3.Recall

The potential of a model to identify each important sample within a data collection is known as Téeaflercentage
of TPs divided by the sum of True Positive and False Negative is how it is statistically defined. The recall is caloglated us
equation (6).

P
Recall=

TP+FN (6)

Figure 5 shows theomparative data for the recall metrics. Recall rates for KNN are 71%, SVM 89%, RF 87%, and
SLMRNN 92%. The proposed method performed better than the current results with a recall of 92%. In Table 3, the recall o
the suggested method is contrasted withetlexisting methods.

95
90

85

Recall (%)
g

754

70

T T T T
KNN (20] SVM (20) RF [20] SUMRNN (Proposed]

Figure5 Recalcomparisondetweenthe suggestecindcurrentapproaches.
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Table3 Comparisorof Recall.

Methods Recal(%)
KNN[20] 71
SVM[20] 89
RH20] 87
SLMRNNProposed] 92

4.1.4.F1-Score

The F1 measure iften used while assessing information. It is possible to alter the F1 measure so that accuracy is
prioritized above recall, or vice versa. The recommended technique has a higher IEteheésure when measured against
the currently used methods. In Figu6é the Fimeasure of the suggested method is contrasted with the traditional methods.

_ 22 (ni Oiires - 1 Gy

= - 7
(N BHVEE +1 AL ™
100 +
80
g
9] 60
Q
(]
¢
i
L 404
20
0 T T T T
KNN [20] SVM [20] RF [20] SLMRNN [Proposed]

Figure6 F1-Scorecomparisondetweenthe suggestedindcurrentapproaches.

When compared to existing methods like KNN, which has amdakure of 83%, SVM, which has anmelasure of
80%, and RF, which has anréasure of 90%, the recommended method's SLMRNN value isT9%/suggested SLMRNN
performs with higher accuracy than other methods. Table 4 displays the proposed methestofel

Table4 Comparisorof F1-Score.

Methods Fl-score(%)
KNN[20] 83
SVM[20] 80
RHA20] 90
SLMRNNProposed] 94

5. Conclusion

In thisresearch, we offer a technique that uses feature fusion and method to accurately determine a person's gender
from their handwritten signature. Although researchers have contributed to the categorization of gender using various
methodologies and gained apprimately promising results using either custom or typical datasets, there is still significant
potential for increasing an accurate algorithm employing effective biased features, as shown by the previously mentioned
related work. The suggested techniquedlves testing the featurevel fusion of PHOG features using an internal dataset of
4,790 highquality signatures. As a result, we introduced the SLMRNN for the recognition of spoken emotion. Performance
metrics like accuracy, recall, precision, andJebre, are evaluated and compared with existing technologies like KNN, SVM,
and RFInthe future, DL wilbe used toinvestigate categorization difficulty in establishing a person's gender &loservable
characteristics such as handwriting or a biometric
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Abstract Smarter mode ofransportation (SMT) rely heavily on rdahe traffic management. Safety on the roads is o
one of many benefits brought forth by advancements in dynatradfic management systems famongested metropolitan
areas. In this study, we present the desigrdamplementation of a Bayesian Belief Networks (BBN) traffic control sy
that is both flexible and reliable. The use of knowledgsed systems as a framework for making decisions irtirael
has gained widespread acceptance. Since traditional dynamwitrollers relied on sensors with their own set

drawbacks, we may employ vision sensors (such as cameras) to get around these problems. Computing based
and videos is very useful for gauging traffic volumes. The present traffic managemenh sitsthe road junction was
found wanting, thus a new system was developed and put into place to alleviate the congestion. Lab VIEW and
are used to measure how well the suggested framework works. Extensive simulations utilizing the suggested
show that it reduces waiting time and speeds up movement on average compared to controllers employing tra
SEensors.

Keywords:traffic densitymeasurementcontroller,bayesiarbeliefnetworks,traffic lights,visioncomputing

1. Introduction

The creation of a more advanced form of transportation will include incorporating a wide range of technological
breakthroughs and inventions to increase productivity, decrease congestion, and improve the experience of traveling as a
whole (Zhang 2020). It iatriguing to think about the possibility of designing a more advanced form of transportation that
uses artificial intelligence (Al) to shorten both trip and wait times. Artificial intelligence can completely transform
transportation networks by streamlingnroutes, improving traffic flow, and increasing overall efficiency (Lilhore 2022). The
movement toward environmentally friendly and electric cars is essential to intelligent transportation systems. Electric
vehicles, such as automobiles, buses, and bésydiave the potential to drastically cut carbon emissions and the reliance on
fossil fuels, thus contributing to a cleaner and greener transportation system (Soori 2023). Cars that are connected and the
transportation infrastructure may interact with onanother as well as with the sophisticated sensors, communication
technologies, and artificial intelligence that are equipped with these connected cars. Sharing datatimegaborking
together while driving, and improving overall traffic managementaltenade possible due to this. There is a possibility that
autonomous cars, which depend on artificial intelligence (Al) and sensors to function without any interaction from a human
driver, would improve safety, efficiency, and the flow of traffic (Leu@9. Using artificial intelligence (Al) and big data
analytics, transportation agencies and service providers can collect and analyze massive volumes of data from a variety c
sources. These data may determine trends, forecast travel demand, optimizestoahd make choices based on the
collected data to increase operational efficiency and decrease travel times (Cao 2019). The development of intelligent
transportation also emphasizes preserving the environment and being environmentally responsiblenciinies the
promotion of walking and cycling infrastructure, the encouragement of the use of public transit, and the integration of
renewable energy sources into various modes of transportation (Paiva 2021). Artificial intelligence (Al) can potertially pla
key role in lowering travel and waiting times through the optimization of transportation networks. Al systems may examine
historical traffic data, current weather conditions, and information received in-tiga from sensors to make predictions
abouttraffic patterns and congestion hotspots. This information may be utilized to improve traffic flow, propose alternative
routes, and maximize route optimization, which will ultimately result in a reduction in travel times (Offiaeli 2021).hvgorit
that are driven by Al may take into accountreaktime traffic data, the state of the roads,and other variablesto determine



https://orcid.org/0000-0002-2346-0283
https://orcid.org/0000-0002-0540-4771
https://malque.pub/ojs/index.php/msj/issue/view/56
https://doi.org/10.31893/multiscience.2023ss0117
http://crossmark.crossref.org/dialog/?doi=10.31893/multiscience.2023ss0117&domain=pdf
https://www.malque.pub/ojs/index.php/msj

which routes are the most timeand fuetefficient for particular cars. Al has the potential to shorten travel times and steer
clear of crowded places becaustits ability to dynamically updateutes depending on currergircumstances (Abduljabbar

2021). Al may be used to improve the efficiency of transportation systems sensitive to changes in demand, such as
ridesharing and micro transit. Al can reduce waiting times and offer more effective transportation alternatisest ian

analyze passenger demand and dynamically change routes and vehicle allocations (Witlox 2022). Users can dlmen real
travel information from systems that Al drives. This information may include public transportation timetables, traffic
updates, and anticipated trip times. Al can assist passengers in makingnfeethed judgments and selecting the modes of
transportation or routes that will save them the most time and effort by providing them with information that is both
accurate and ugo-date (Fridgen 2021). Artificial intelligence can monitor traffic patterns and locate places of congestion by
analyzing data collected in real time from various sources, such as traffic cameras, GPS devices, and sensors. These data r
be usedto varythe timing of traffic lightstimingsdynamicallyredirectingcars,andrecommendother routesto reducetravel

times (Liu 2023). Adowered routing algorithms can take into account a variety of criteria, including current traffic
conditions, road closures, ander preferences, to choose the path that will be the most time and energy efficient as well as
the fastest. This may assist in reducing travel times and eliminating the need for unnecessary delays (Parveen 2022). Trav
applications or platforms powered b4l can give passengers customized help. They can providémealipdates on traffic
conditions, provide recommendations for the most appropriate mode of transportation for the user depending on the user's
preferences and the limits of the situation, aeden help the user book tickets, lodgings, and other tragklted services

(Fang 2019). Al can analyze demand patterns and make dynamic price adjustments to maximize resource allocation. Fc
instance, ridesharing services may employ surge pricing dpea$g hours to motivate more drivers to be available, which

will lower the time customers have to wait (Billhardt 2019).

2. Relatedworks

This research investigates the feasibility of using artificial intelligence (Al) to improve the efficiency of public
transportation systems and reduce traffic congestion. The results, which are the result ofdaptimreview of previously
published research, case studies, and the views of industry professionals, highlight numerous important areas in which Al
might help theimprovement of public transport systems. The constant monitoring of traffic patterns is made possible with
the use of Al in reaime monitoring, which permits the correct forecast of congestion in the present moment (Kozlov 2022).
The study produces irgtits regarding the manner in which Al may help build smarter cities and how it can do so in a variety
of different ways. The methodological approach that will be used will be the research. The findings are organized according
to the primary aspects of smiacity improvement, including economics, society, atmosphere, and democracy (Yigitcanlar
2020). The study examines the many types and definitions of shared transportation services that are widespread in North
America, and it summarizes the impact studibatthave already been conducted. In addition, we investigate the confluence
of shared mobility, electrification, and automation, including the possible consequences of shared automated vehicle (SAV)
systems. Even though the effects of SAVs are not yet fuitlerstood, several industry experts and university researchers
anticipate increased productivity, decreased costs, and reduced emissions of greenhouse gases (Shaheen 2017). Tt
exploration proposes consolidating four advancements: huge informationopraf learning, irmemory registering, and
design handling units (GPUs) to provide a complete way to deal with the speedy and versatile forecast of metro framework
qualities. The primary aim of the research was to develop methods to expedite the creasogtoforecasts (Agib 2019). In
this respect, although the use of artificial intelligence (Al) methods, including the fields of machine and deep leaming, ha
attracted much interest in smart cities, less emphasis has been placed on the utilization dthadgo optimization
approaches. To be of assistance with this, this research gives an overview of strategies for optimization and software from
the point of view of a smart city that is allowed by the Internet of Things (IoT) (Syed 2022). In generalnglzh of the
necessary data at each place is a fairly costly endeavor. In this research, an approach to deep learning is suggested f
estimatingthe waitingtime levelsat transportationstationsusingproxy dataand limited historicalwaitingtime dataat select
stations. This approach is based on the idea that one can determine the waiting time levels using proxy data (Chu 2019). Th
studyisan associatiomf numerous problems that affect thigansportsectorandare categorized as autonomoughicles. In
regard to intelligent transport systems, some of the components that are being explored are connected to traffic
management, public transport, safety management, manufacturing, and logistics. These are all areas where Al advantage
are put to usglyer 2021).

3. Methodology

The closedoop technique management system is shown in Figure 1 receives data about the mediaio-pixell
matches of the standard mosaicked picture and the currently active mosaicked output from the comparator or mistake
detedors. Infrared (IR), ultraviolet (UV), and inductive loop (IL) sensors have been replaced with numerous vision sensors ir
this modern take on control. BBNs, which employ membership processes antdasdd BBN sets controlled by problem
detector datato make more informed decisionsare additionallyemployedto modify the onsetof greenand red lightsin
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response to the density of road measurements. Vision equipment has been utilized to record pictures of vehicles for use in
the feedback process. Multiple vision sensors are used so that precise distances between carsistayniieed to provide

reliable estimates of traffic volumes. After the photos have been taken, they go through a series of processes, including
saving, grayscale conversion, transformation, wrapping, compositing, and eventually the production of theketbsaic
picture.

(
Image Mosaicking
(Registration, wrapping,
compositing)

8

yesian =1 D
Pixel to Pixel Belief =0 g &2
correlation Networks
(BBN) =] g =]

= N =

Reference mosaic image
Figurel Thesuggestednethodologyis shownschematically.

A schematic representation of the suggested framework on a '+' shaped road is shown in Figure 2. Each side of the
road now has four 12.0 megapixel webcams. It is expected that #eréwo lanes in each direction from west to east and
east to west since this is where the majority of traffic flows. This is in contrast to the-tmgbuth and soutkto-north
directions, which only have one lane each owing to the relatively smalmelf traffic in these directions. The suggested
algorithm is designed to maintain the previously established schedule under typical traffic conditions. The algorithm
determines the typical range for measuring traffic (which may be gleaned from histdatal and adjusts the timing of red
and green lightsippropriately.Becauseaveragedensity,averagevelocity, and averagspeed arenormally thecharacteristics
of a macroscopic traffic flow model, this proposed framework only accounts for the former.

E

‘ |
:AI/T4.'\éI él
=R > 3=
g
I

FHgure 2 Symboliaepresentationof a'+' intersection.

3.1. Bayesiarbeliefnetworks(BBNs)

The use of machine learning (ML) and deep learning (DL) algorithms to address practical issues has seen a meteor
rise in recent years. These algorithms have been useskveral fields, such as medicine, electricity, picture identification,
and indoor monitoring of objects. The suggested method relies on Bayes' rule, which calculates the likelihood of an
occurrence given prior knowledge of circumstances known to bevaslt to that event. Bayes' rule, which is based on
conditional probability, is the bedrock of Bayesian inference. The statistical form of Bayes' rule is as follows:

TN () [V Y ()
&aloy) = 442 )

The first term, commonly known as the prior probability, indicates an individual's starting point of belief before any
data concerning event Y is evaluated, whereas the second term may be thought of as a normalizing constant. If event Y ha
previously happned, then event X has a certain probability, denotedd&& ). Since it is calculated after considering all
available data, it is also referred to as the posterior probability of occurrence Y. The likelihogd) @), measures how
likely it is that event Y will occur given that event X has already taken place. The structure of a BBN and the probability
distribution functions of its variables, known as the node parameters, characteri@é/gnthe nature of our investigation,
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we restrict our attention to BBNs made up of discrete random variables. Bayesian networks (BBNs) are a crucial componen
of Bayesian inference; they are directed acyclic graphical models in which nodes represent random variables and arcs reflec
causal réationships between the nodes. Oneay links between BBN nodes suggest a -ilee or familial organization.

Nodes' familial relationships are shown in Figure 3, where W and Y, for example, represent parents and offspring,
respectively. A node's parent mémave some effect on its offspring, but not vice versa. A node's ancestors are all the nodes
in the hierarchy above it, and a node's descendants are all the nodes in the hierarchy below it. Finally, a node with no
children is known as a sink node, whilenade with no parents is known as a root node. Graphical representations of
probabilistic models are useful because they allow for the concise and consistent depiction of joint probability furtagons. |
possible to obtain a more idepth explanation of BN architecture and its parts.

Figure3 Bayesiarbelief networkillustration.

The parameters of the model also play a significant role in Bayesian inference by determining thspaoifie
conditional probability distribution (CPD). If vassumethat the randomvariables araliscrete, then wecan usea conditional
probability table (CPT) to depict the conditional connection between the nodes:bRB& models vary in computing cost
depending on their structure, node count, and state count for eachatéi Performing probabilistic inference using BBNs is
an NPRhard task for many researchers. If we assume that the two nodes X and Y in Figure 3 represent dichotomous randorr
variables, then the resultant CPT will havestates. It might be helpful to prest some higHevel ideas related to BBNs
before continuing. The local Markov property states that a variable is conditionally independent of other variables while
considering its immediate surroundings. Generalizing the local Markov property to BBNgslisves:

By @ ol Gsag )

If &y -yg is a nondescendant nodéyqg is a parent node and Xv is a random variable represented by a BBN node.
Take the straightforward BBN shown in Figure 3 as an example; in this case, X is conditionally independent of the
nondescendan{"Y &), which results in:

A = Ay O
Thefollowingequationprovidesa chainrule for decomposingjoint distribution of variablesn a BBN.
Wixh &) B QG & 1Bx Ay 1ldxh @& Bx (Gulen)O(dr) (4)
As a further step, we may use equation 4 to obtaipeaeric version of the chain rule for BBN.
6,8 .Gx) = By QPO A x) ©)
3.1.1.Eliminationof VariablesAlgorithm

It may be challenging to put BBNs into reality since-vealld problems often include a large humber of random
variables, each of which might take on a large number of possible values. Inferring using BBNs is easy if you utilize the who
joint distribution and add up all latent variables. This is because the whinlegoobability table for n binary variables will
have 2 entries, making the process tedious for large BBNs. To lessen the computing load during inference, a simple yet
effective approach known as variable elimination (VA) may be implemented. We geadral@v a scenario in which we
need to determine a subset of the questioned variables Y using the evidence E and the latent variabhes j¥int
probability distribution of Y and E divided by the marginal probability distribution of E equals the coabfgiobability of Y
giving evidence A.

D = @ = ‘*:(‘*:"j ©)

Toobtainthe numeratorof equation(6), marginalizatioroverall latent variablesxi> Xnisnecessary.
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O(w= wd = ) = By, 8 Bdﬁ&dh,s,d)d,d): g0 = &) @)
As a means of avoiding unnecessary repetition of computations, we offer factors to serwdtamensional tables.

Thecollectiveprobability ofall variables may beritten as a factorization. We may determitige joint probability ofX and E
by setting A=auX !'=a and marginalizing out the latent variablesXXx2n-turn.

AD01 = 1,8 .,0i = @) = By 8 Bg, A®81,8,01,00,8 .,0 )26k 8ifq (8)

Afterthat, we maywrite the productform of the joint factorsusingthe chainrule for BBNgequation(5)):

W(Gd8A) = A(GeBARY) = o d1= @,8 6 = @) = By, 8 Biy {@061,8 ,61,00,8 .. Q) os=aai sy =
By 8 By B (G, ©)

61=cuh ®if G
As a result, solving thiast termin equation (8), which is theumof products, is equivalent to performing inferenge
BBNs. The nonlatent variable terms in equation (8) must be factored out beferfindd term can be effectively computed.

3.2. Standardsand Limitationsin Design

Thefollowingisassumedor developinghe dynamictraffic light control system:
Northbound,westbound,southbound andeastboundtraffic all convergeat thisisolatedfour-wayintersection.
Theprimarydirectionof travelispresumedtobeS+ ad ¢ Sa i @

Thereisno thought givento goingright or left.

Thedynamiclogiccontroller methodwill trackthe volumeof traffic headingin both directions(north andsouthandwest
andeast).

1 Theflow of traffic in onedirectionisinterrupted by alull in the other direction.

= =4 -8 -4

3.3.VisionComputingn (Mosaicking)

To create a mosaic picture, many photographs of the same subject are taken and then seamlessly stitched together.
This process isssential for expanding the viewable area of a picture without degrading the quality of the final product.
Digital photos are limited in size, so it is not always feasible to capture a whole region of interest. When this ocmag, we
use image mosaickinp create a larger picture by combining many photos that intersect. The photographs are resampled
and aligned with the coordinate system of one of the overlapping images to make a mosaic. For an image mosaicking syster
to work, it must account for factorscluding camerdo-camera distance, cameita-scene distance, camera attributes, and
scene content. Picture mosaics include many steps, some of which are shown in Figure 4. These steps include alterin
mixing, and sewing images together.

Image Registration

[ Blending/Warping ]
1] 1
Stitching / compositing

Mosaic Image ]

Image 1

Transformation
Image 2

Figure4 ImageProcessingrlowDiagram.

3.4.CrossCorrelation Pixelto-Pixel Matched

Calculating the normalized crossrrelation coefficient between two templates reveals how closely their images
resemble one another pixel by pixel. When the value of the normalizesiscorrelation is higher than a predetermined
cutoff, it is considered that &affic light is located at thaite in question. To provide th@ost accurate results, the template
matching method relied on normalized cross correlation (sometimes called the distance measure or squared Euclidean
distance).

%a(0,0) = Beddae) Qw 0,0 @ (10)
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When feature t is located in a window at coordinates (u, v), the mosaicked image (f) is added to the total over (X, y)
above the window. With Ggrowing,

F(3Q"2(0,6) = Bi(ad) k [#2] (@6 2(@dAd 0,0 QY+ 20 0,0 6 (11)
B "Q@9) If roughlyconstant,then there isno further crosscorrelationterm.

0(0,Q) = Baod@dAw 0 g) 12)
B o [ ()
r _ ) Qﬂ Qw LW W 0 (13)
B [da®) ©°12B (., ©2
G oo wdQo 06 d d
Theaveragevalueof f (y, x) within the region defined by the template d shifted to (v, u) is denoted with "®,0 in
Equation(14).

- 1 BU+D®1BD+0®1‘ N o 14
DD P oo rdan (14)

Equation (14) is preferable to other similar measures suclt@aariance or sum of absolute differences when
calculating the matching degree because normalizing makes the computation more robust.

4. Resultsand Discussion

The effectiveness of the proposed framework was evaluated using a LabVIEW simulation test bedir@hésion
sensors installed in the '+' style of roads seen in the GUI that monitor the time of red and green lights to ensure thet they
consistent. An experiment was conducted @me car to compardghe suggested method to thetandard method. Othe Aim
Sun test bed, one of the reference cars is permitted to travel from west to east at a speed of 40 kilometers per hour. The
vehicle is timed for 450 seconds total, and the distance traveled is measured at the end of that period. Road performance is
measuredby imposinga randomload on the road network. ANN,CNNand SVMaveall hadtheir performancegestedusing
traditional sensors under identical traffic circumstances. Figure 5 bplowides a comparison of traditional methods with
the suggested strategy. The results of the simulated experiment show that the vehicle travels farther when utilizing a BBN
controller in conjunction with vision sensor computing (4.6 m in the allotted firame vs. 4.3 m when using CNN, 4.0 m
when using ANN, and 3.7 m when using SVM). The transportation infrastructure has been upgraded with the help of a new
platform called Aim Sun. The efficiency of this system was tested. Additionally, the proportioadofraffic is shown. The
average wait and travel times for cars are shown in the simulation results. The red light will turn on when no distance has
been traveled and will stay on until traffic is present and the algorithm has been executed. Duririghehisf inactivity, an
algorithm determines when the following cycle will begin with a green light. The proposed framework (BBN) improves the
accuracy percentage time while lowering the average waiting time, as shown in Figures 6 and 7 and Tables 1 and 2.

5000
—3— BBN [Proposed]
—a— CNN [23]
—a— ANN [22]
—@— SVM [21]

4000
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I
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Figure5 Conventionamethodscomparedto the suggestedystem.

Table1 Numericaloutcomesof accuracy.

Methods Accuracy(%)
SVM[21] 28
ANN[22] 37
CNN23] 56
BBN[Proposed] 79
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Figure6 Comparisorof accuracy.

Table2 Numericaloutcomesof waitingtime.

Methods Waitingtime (sec)
SVM[21] 15
ANN[22] 25
CNN223] 48
BBN[Proposed] 12
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Figure7 Comparisorof waitingtimes.

5. Conclusion

The purpose of this research is to build an algorithm that may be utii@ecduce traffic congestion on major
thoroughfares in developing nations. We initially provide a simple picture mosaic technique for counting people in a busy
area through live webcam feeds. We analyze +&aé road traffic photos to demonstrate the occence and duration of
congestion collapses. We hypothesize that localized decongestion transportation systems may enhance traffic flow at key
nodes in road traffic networks and are possibly simpler to install inweald scenarios. This prompts the ctiean of low
cost transportation methodso easetraffic in third-world nations.Tooptimizetraffic flow and minimizeaveragewaiting time
at a junction, a smart BBN controller solution using vision computing has been developed, which is predicatedisan
measurements of the road's dynamic traffic density.
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Abstract Epidemics are uniqgue among calamities in two ways: the length of time they affect society and the spe:
which they spread. In the absence of catastrophe preventi@asures, supply chain (SC), and local communities w
experience significant disruptions, leading to incalculable losses. The 2019 coronavirus illness18308/kihe suct
calamity that has wreaked havoc on supply chains all across the globe, masiyndte healthcare supply chain. As
result, this paper develops a practical decision support system based on doctors' knowledge and fuzzy inferenc
(FIS) for the first time to aid in insist management in the healthcare supply chain, lessen ciynonessure, disrupt the
COVIEL9 circulation chain, furthermore, in general, to diminish epidemic outbreaks for disruptions in the heal
supply chain. This strategy first separates membeth@tommunity into four categories based on teensitivty of their

protected systems (normal, somewhat sensitive, extremely sensitive, and sensitive), as well as by two indicatior
and preexisting disorders and finally by two indicators of gender. These people are categorized after which tt
obligated to follow the rules associated with their group. Finally, the success of the suggested strategy was eval
the realworld using data from four users, and the results demonstrated the efficiency and accuracy of the suc
strategy.

Keywords:supplychain(SC)fuzzyinferencesystem epidemicssensitive

1. Introduction

A healthcare supply chain inventory management system is critical for assuring the availability of necessary medical
supplies and for streamlining resource allocation. The systieould keep track ofind manage the stock of pharmaceuticals,
immunizations, surgical supplies, and consumables. To provide precise inventory management, it should gatimee real
data on stock levels, expiry dates, and consumption trends. The systemfdshe able to predict the demand for medical
supplies bylookingat previous datatrends, and other elements. By doing so, healthdastitutions and suppliers may more
efficiently manage their purchasing and distribution tasks, preventing statk orsurplus inventory (lvanov 2020). Robotic
Reordering The technology can automatically place orders based on demand projections and predetermined reorder points.
For medical supplies, it may produce purchase orders or requisitions, guaranteeing promgereefd and lowering the
possibility of stock outs. Supplier Management The system should keep a complete database of suppliers, including contac
details, lead times, prices, and product catalogues. To support effective contract management and procyreroedtires,
it should make it easier for suppliers to communicate and work together. Logistics Management The system should provide
tools for organizing, tracking, and storing goods in warehouses and distribution facilities (Harland 2021). To simplify
processes and reduce mistakes, it should include features like barcode scanning, batch, and lot managementitiama real
stock changes. Management of Expirations the system should contain tools for tracking expiry dates and managing stocl
rotation since healtcare goods are timsensitive. When products are getting close to expiry, it may send warnings and
messages, allowingreventative actions likeedistribution or disposalof expired products. Including SuppBhain Partners in
the Integration. The systenshould interface with other parties involved in the healthcare supply chain, including
manufacturers, distributors, and healthcare institutions, to guarantee-erdnd visibility and coordination. This allows for
smooth data interchange, group planniramd effectiveorder fulfilment (Queiroz 2022). Theystemshould includeanalytical
tools and reporting capabilities to help with cost control, supply chain effectiveness, and inventory performance.
Stakeholders may use this information to make ddtiaven choices, streamline workflows, and pinpoint problem areas.
RegulatoryConformity: Theinventory managementsystemmust complywith all applicablelegalmandates,ncludingthose
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about monitoringrestricted chemicalshandlingtemperature-sensitivegoods,and guaranteeingaccuraterecord-keepingand
reporting. Flexibility and Scalability The system mustiéeeloped to meet the changing requirements of healthcare supply
chains, including shifts ilemand patterns, the introduction of new goods, and the development of cuttithge technology.

It should be flexible enough to interface with upcoming developtadike the Internet of Things (IoT) or block chain for
improved traceability, as well as scalable to accommodate higher inventory levels (Chowdhury P 2021). To ensure the
availability of vital medical supplies during emergencies, epidemic breakouts muakén into account while managing the
healthcare supply chain. For the system to gettogthe-minute information on epidemic outbreaks, it should interface with
disease monitoring platforms and public health surveillance systems. Early warning systgrassist in initiating proactive
actions in the supply chain, such as enhanced production, acquisition, or relocation of commodities to impacted regions. To
anticipate the need for medical supplies during an epidemic, the system should use historica¢mdemiological models,

and outbreakspecific information. Supply chain managers may prepare for outbreaks by using scenario planning tools to
model various epidemisituations. This helps thepredict demand spikes and allocatesources appropriatelySingh 2021).

The supply chain system should be equipped with components that provide quick action and emergency procurement in the
event of an epidemic breakout. To guarantee the timely supply of crucial medical goods, it should make it easier to identify
and communicate with alternative manufacturers or suppliers. The system should contain allocation frameworks that take
into account aspects like patient severity, geographic locations, and healthcare facility capacity to alleviate shortages and
prioritize crucial requirements during an epidemic. This makes sure that scarce resources are allocated effectively and fairly
according to the pressing nature of demand. The system needs to provide dynamic inventory management, enabling flexible
supply redeploymentfollowing epidemic dynamics. This can include moving inventory from hotspots teaffessed
locations or repurposing certain products to meet particular outbreslated requirements (Khodaee 2022). The supply
chain system should encourage cooperationdaimformation sharing between many stakeholders, such as healthcare
institutions, governmental organizations, manufacturers, and distributors, during an epidemic. This makes it possible for
coordinated response actions, prompt communication, and effectigsource allocation. Resilience and contingency
planning the supply chain system have to include resilience tactics and backup plans tailored to disease outbreaksa Creating
strong and resilient supply chain during times of crisis involves maintainiagteak levels of essential commodities, setting

up backup suppliers, and deploying alternate distribution methods. Serialization and Traceability Implementing traceability
methods may assist in tracking and tracing the flow of materials along the sulpaily, such as product serialization and
unique IDs (Kamran 2023). The supply chain, maximizing stock levels, and putting into practice adaptable plans based o
current information. Regulations governing epidemic outbreaks, such as those relating to mgpatjuirements, quality
requirements, and safety standards for particular medical products or treatments, should be followed by the supply chain
system. The dependability and integrity of supply chain procedures are ensured by adherence to relevahieaitbsare
businesses may strengthen their readiness, responsiveness, and resilience in times of crisis by including epidemic breakou
in supply chain management. For efficient coordination and resource optimization during an epidemic, the systerhehas to
adaptive, agile, and able to integrate with public health systems (lvanov 2021). To comprehend the features of the epidemic,
such as the incubation time, mechanisms of transmission,-tidfhdemographics, and illness severity, do epidemiological
invesigations. Find probable origins of infection and transmission chains, this may entadargsal investigations, cohort
studies, and contact tracking. Consider the outbreak's risk factors, such as the possibility of community transmission, the
pressure o the healthcare system, the effect on vulnerable communities, and the possible effects on global public health.
This evaluation supports strategies for allocating resources and public health initiatives. Put in place reliable serveillanc
methods totrackthe outbreak's spreadMonitoring COVIBLY instances, testingates, hospitalization ratesand fatality rates

are a few examples of this. Monitoring and analysing-tiwaé data may help direct response activities and provide insights

into how the epident is developing (Hossain 2022). Identify the cause of the illness (in this instanceC®ARSNd

confirm cases by laboratory testing. Genetic sequencing is then used to monitor viral variations and comprehend how they
affect disease severity and tramgssion. Perform a comprehensive contact tracing to find people who may have been
exposed tahe virus. Tostopthe spread ofthe diseaseijt isnecessary ta@onductinterviewswith confirmedpatients,find out

who they are in touch with, and take theecessary action. The goal of epidemic investigations is to pinpoint the outbreak's
genesis, such as zoonotic origins or certain circumstances that sped up its development. To exchange information, data, an
discoveries, work with organizations, professits) and research centres in the fields of health on a national and worldwide
scale (lvanov 2021). Evaluate implemented interventions often, and make any adjustments to your methods. Record the
lessons discovered throughout the investigative process toease readiness for the next outbreaks and response
capabilities. Ensure that the inquiry complies with ethical standards, which include preserving the privacy and cortfidentiali
of each subject, gaining informed permission, aaking into account cultwal sensitivity.To ensure that the inquiry sarried

out ethically and following human rights, ethical considerations are essential. A multidisciplinary strategy combining
epidemiologists, doctors, public health specialists, laboratory scientists, ara sthkeholders is necessary to investigate an
epidemic like COVHDO. The most recent findings and recommendations from renowned health organizations like the World
Health Organization (WHO) and the Centres for Disease Control and Prevention (CDC) kepstpeto date (Singh 2021).

It is necessary to address the particular difficulties presented by the pandemic to develop an inventory management system
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for healthcare supply chainsthat takes epidemic outbreaks, notably COVIEL9, into account. Figure.1 representsthe
Structure ofHealthcare supply chain.
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2. Facerecognition

To aid in healthcare supply chain demand management, decrease community stress, break thed @ CikdDation
chain, and lessen the impact of epidemicgéneral, this paper creates the firgvzer sensible decision support system based
on physician awareness and FIS. Results from avaddl evaluation of the suggested method utilizing data from four users
confirmed the method's efficiency and precisiono@dan 2020). The research delves into how the pandemic affected
supply chain resilience, provides a synopsis of the difficult situations faced by Chinese retail supply chains, an®.details J
com's onthe-ground reaction to the crisis. To sum up, the gamic produced extraordinary demand and severe logistical
disruptions in China, and JD.com, thanks to its integrated supply chain structure and complete intelligence platforms, has
managedeffectivelyits supplychainmanagemenin responsgShen2023).Toanalysehow companiesespondto pandemics
by shifting their production order priorities and stockpiling supplies. Our model integrates epidemic dynamics, supply chain
design, andperational productiofrinventory controlrules,three topics thatare seldan discussedogether in theoperations
management literature. Different scenarios for pandemic dynamics (i.e., uncontrolled spread or controlled dispersion with
lockdowns) and 2nd 3stagesupply chains aranalysedOur research indicates thaupplychainswith two stages arenore
likely to experiencelisruptions (Rozhko2022).It is nowobviousthat thereis a dearthof medical supplies necessary to offer
appropriate treatment to patients as a result of interruptions in the supply chain and inagasmand. Using MCDM, we
can better understand what factors make for stable healthcare supply chains. Resilient supply chain features may be
evaluated with the aid of large healthcare supply networks. Diminish in significance throughout the-T3O&fbidlenic
(Zzamiela 2022)Theresearch aims to makisvo substantialcontributions to two separatdéines ofinquiry. First, wesynthesize
the current state of knowledge on the spread of disruptions in SCs, establishing a systematic taxonomy and identifying ideas
that demonstratetheir useand applicability inmitigatingthe effects ofpandemicson SCsSecond, t@xposeand systematize
theoretical management concepts employed for functioning (adapting) during a pandemic and periods of recovery, and for
becoming moe resistant to future pandemics. To identify some unresolved research conflicts and fresh classifications by
streamlining the existing literature (lvanov 2021).

3. Proposedmethodology

Many civilizations have put up proposals for disaster relief and implemented policies that are specific to their
preparation, response, rehabilitation, and catastrophe control operations. Utilizing historical data and experiences with
comparable events irthe past helps with the handling of these types of catastrophes. Such catastrophes don't have
pandemicproportions, they only impact a small portion of a nation, and they only endure a brief time. Becausesuch
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calamities are confined, there is a chance that +affected nations will be able to assist the disasaffected community.
However, when a new, protracted, and progressively worsening catastrophe like d9¥iBterializes, the capacity to help
takes ona different form. Such a dreadful scenario perplexes governments and deaisikers, interrupts almost all social
activity, and breaks supply networks. In such circumstances, the high incidence of iliness outbreaks results in a scarcity c
medical and huran resources in many places. There are interruptions in various supply chains as a result of this increased
demand for services, particularly in the healthcare supply chain. To better serve underserved populations. Therefore, data
from the World Health Omgnization (WHO) indicate that elderly inhabitants and those with previous conditions are more
susceptibleFollowingthis, the community'sresidentsare classifiednto four categoriesaccordingo how vulnerablethey are
to COVIEL9:

Extremely sensitive @lection: individuals older than 60 who have the smallest amount of diabetes, heart disease, or
high levels of blood pressure.

Sensitive collection:A minimum of one of diabetes, heart disease, high blood pressure, or cardiac difficulties in
individuals under the age of 60.

Slightsensitivity Collection:Thoseolderthan 60 who are healthy.

Standardcollection: Thoseunder60without ilinesses.

Numerous methods built on FIS are used to categorize the individuals who make up the aforementioned groupings.
The FIS is used to categorize society members, however, the fuzzy inference rules will vary depending on which societ
subgroup is being classified. This suggested decision support system does serve as a link in the healthcare supply chain tt
connects seree users and service providers. Through the classification of service receivers, this assessment support systen
establishes the foundation for insist management in the healthcare supply chain.

3.1 Thesubsequenstagesdescribehe suggestedstrategy

Stage 1:iIn the community, physical condition evaluation standards are established. 3 symptoms fever; exhaustion,
and a dry cough are listed by the WHO as the early signs of €l@VIThe output variable of this system is how the
community members are clagied. Following that, the input and output variables' membership functions need to be
established. There are three types of membership (low, moderate, and high) that make up each of the input variables. The
following 5 membership functions make up thetput variable:

Clasdl: Peoplewho are symptomfree and otherwisehealthyare assignedo thesesettings.Thesepeoplemustfollow
the healthcare advice and conduct their everyday lives following the limits and regulations imposed by their leaders.

Class 2People who are suspected of having the illness and, as a result, should be isolated and limited in their social
interactions until their condition is determined are isolated.

Class 3Those in this category are those who have only a slim chance of keiyming infected with the mild
sickness; in that case, they should be isolated at home.

Class 4These people have been diagnosed with a serious illness or are in the hospital on suspicion of having such ar
illness; yet, they do not need urgent care.

Class 5:These people have been diagnosed with a serious illness or are in the hospital on suspicion of having such ar
iliness; yet, they do not need urgent care. Individuals that have been evaluated may be placed into one of these five groups.

Stage 2:To esgablish a connection between the input and output variables, experts and doctors in the field are
consulted to design the fuzzy inference rules. It's important to highlight that distinct fuzzy inference rules will bislestabl
for various social groups.

Stage 3Members of the community are evaluated. To achieve this goal, the user first logs into the system, and then,
after their group affiliation has been established, the suggested FIS is made available to them. Finally, three questions
regarding feverfatigue, and dry cough are used to categorize the person.

4. Results
4.1. Casestudy

To evaluate how well the proposed decision support system works; we compare it to current WHO data orfl€0OVID
and the expertise of practicing clinicians. It is importanthighlight that the community evaluation criteria were chosen
using WHO reports as a guide and that doctors' expertise was used to remove fuzzy inference policy and establisk
membership functions. Below is a detailed description of how to use the suggetsteegy:

Stage 1:It all starts with pinpointing the system's inputs and outputs. A classification method whereby high body
temperature, extreme fatigue, and a dry cough serve as inputs. There are three membership functions (levels) in the input
data (low medium, and high), and five membership functions (classes) in the output data. Also interesting is the fact that
input variables have distinct membership functions for various classes. Figure. 2 displays, for each category, the membershi
functions of the input variables.
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Stage 2The doctors' expertise in treating the four categories allows them to establish the fuzzy inference rules at this
stage. As each of the three input variabiesthe proposed FIS has its membership function, the total number of fuzzy
inference rules applicable to all possible combinations of persons is 327. By using the FIS Editor GUI toolkit in MATLA
R2016b, fuzzy inference rules may be extracted and impléederallowing one to examine the connection between input
and output variables in a spatially explicit manner.

Stage3: Peoplein this civilizationare categorizedForthis reason we poll our userswith three inquiries:

1 Howlonghaveyou beenrunningatemperature?
1 Howlonghaveyoubeenfeelingexhausted?

1 Howlonghaveyoubeenexperiencingadry cough?
The rules viewer box in the FIS takes the answers to these questions into account as inputs and then calculates the

result. The system always returnvalue between 0 and 1 as its output. The user is considered to be a part of a certain class
if the valuereceived as output falls precisely insitf@at class's membership function.tife final tally is amon@ membership
functions, however, the membershigegree is used instead. It makes no difference which class something is assigned to if
the membership degree is the same for both. However, it should be classified as belonging to Class 1 rather than Class 2
the membership degree for Class 1 is higiman that for Class 2.

Theeffectivenes®of the suggestednethodis shownby the subsequenexampleare:

Client1: Thisclientisamemberof the extremelysensitivecollection.

Client2: Thisclientisamemberof the Sensitivecollection.

Client3: Thisclientisamemberof the slightsensitivityCollective.

Client4: Thisclientisamemberof the Standardcollection.

Tablel Response® Questions byeachClient.
Client1 Client2 Client3 Client4

Howlonghaveyoubeenrunninga temperature? 16 13 21 33
Howlonghaveyou beenfeelingexhausted? 9 13 21 25
Howlonghaveyoubeenexperiencinga dry cough? 4 19 25 17

Table 1 displays the responses to the queries that each of these users provided. The data shown in Table 1 are take
into account as inputs for the suggested FIS. Table 2 lists the output variable values that were determined for eachk user. Th
findings ofTable 2 and the membership functions (classes) shown in Figurer 3 help classify clients.

Table2 Eachclient FISoutput variable.
Output value

Clientl 0.663
Client2 0.52

Client3 0.508
Client4 0.503
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Client 1's output valués seen to be 0.663. However, this number is intermediate between categories 3 and 4. It leans
toward Class 4; hence it's been positioned on the right side of the 2 classes' junction. In this way, User 1 will betassigned
Group 4. To be more specific,gloutput numbers for clients 1, 2, and 3 are 0.51, 0.509, and 0.502, respectively. From what
can be seen in Figure. 3, these three users all fall within Class 3.

A

Class1 Class2 Class3 Class4 ClassS

Degree of membership

v

0 100 200 300 400 1

Qutput variable scale
Figure3 Outputvariableof membershigfunctions.

4.2. Sensitivityanalysisand discussion

To evaluate the efficiency of the suggested method, 4 scenarios are employed in which the user populations are
shuffled about. Four users were assumed for the case study portion, and they were all classified into one of the four
categories (Nikolopoulos 2021Jhe assumption is that the target audience falls into one of the other three categories of
guides. To determine which class the user will be assigned to and whether or not the assignment is reasonable, we perforn
some tests. The following four cases agtablished for this function:

4.2.1.Casel:

This Case assumes that client 1 is not part of the very sensitive category and is instead part of one of the other three
categories. Class 4 is where client 1 would fall if it were placed in the very sensitive gaRgfak 2022). If the client is
assigned to a different category, it is likely to be Class 4 or below. Given the extreme sensitivity. If the cliented &ssign
different category, it is likely to be Class 4 or below. The membership functions afpiheviariables are quite delicate, thus
this holds.

Table3 Performancsf client 1 is inseparatecollections.

Class Output value
ThisClient1 isa memberof the slight sensitivityollective 3 0.357
ThisClientl isa memberof the Extremelysensitivecollection 5 0.663
ThisClientl isamemberof the Standardcollection 3 0.263
Thisclient1 isamemberof the Sensitivecollection 3 0.357

However, the fuzzy inference rules are thought to be more conservative for the delicate populkdioie. 3 displays
the results and client classifications. The acquired findings corroborate the performance of the suggested model and hence
support the claim stated here.

4.2.2.Case:

It is expected here that client 2 will fall into a different set of classgsedding on whether they are classified as Very
Sensitive, Somewhat Sensitive, or Normally Sensitive.

Table4 Performancef client2 is inseparatecollections.

Class Output value
Thisclient 2 isa memberof the slightsensitivityCollective 4 0.52
ThisClient2 isa memberof the Extremelysensitivecollection 5 0.723
ThisClient2 isamemberof the Standardollection 3 0.318
Thisclient2 isamemberof the Sensitivecollection 4 0.52

Table 4 displays the outcome value and scenadtegorization for this case. The outcomes in this case likewise
conform to reasonable predictions, which is a testament to the reliability of the presented method.
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4.2.3.Cases:

Clients who araot part ofthe mildly sensitivegroup areusedto evaluatehow well the suggested method works (Ash
C2022). Theoutcomes ofthis casestudy areshown in Tabl&. This scenario's outcomes corroborate timadel's validity and
indicate that it performs as expected.

Table5 Performancef client3 is inseparatecollections.

Class Output value
Thisclient3 isa memberof the slightsensitivityCollective 4 0.508
ThisClient3 isa memberof the Extremelysensitivecollection 6 0.917
Thisclient3 isamemberof the Standardcollection 4 0.6
Thisclient3 isa memberof the Sensitivecollection 5 0.634

4.2.4.Caséed:

According to the supposition, client 4 is a member of one of the other three groups and does not belong to the typical
collections. It would be classified as class 3 if this user belongétkettypical collection (Farooq 2021). Depending on its
membership in other groupshis client is likely to be assigned to classes 3, 4, or 5. If a different outcome is reached, it would
reveal how poorly the suggested technique performed. The outcom#so€tase are existing in Table 6.

Table6 Presentationf client4 is inseparatecollections.

Class Output value
ThisClient4 isa memberof the slight sensitivityollective 4 0.722
ThisClient4 isa memberof the Extremelysensitivecollection 5 0.917
ThisClient4 isa memberof the Standardollection 4 0.722
Thisclient4 isa memberof the Sensitivecollection 3 0.503

These case findings, together with those of the other three, show that the suggested method works as intended.
COVIBL9 isparticularly dangerous for the elderly and individuals with compromised immune systems due to conditions like
cardiovascular disease, diabetes, or hypertension. The 4 examples make it evident that the membership functions and fuzz
inference rules are degined differently for various collections based on their susceptibility. For instance, in case 3, if user 3 is
a member of the highly sensitive category and the Ca@\est outcome is positive, the patient should be admitted to the
hospital and given urg# care. Thus, the outcomes demonstrate that the suggested strategy follows logical patterns and
supports its effectiveness.

4. Conclusion

To categorize community members and subsequently regulate demand and contain disease outbreaks in the
healthcare suply chain, a workable decision support system was presented. In the suggested method, clients are initially
divided into groups based dheir age and any current medical conditions. The FIS is then used to categorize these people. It
should be noted that d categorize users, the 3 criteria of fever, exhaustion, and dry cough were employed. Special
membership functions of these variables were taken into consideration for distinct groups. The suggested strategy was then
verified using information about the o clients. These findings, together with those of the sensitivity analysis procedure,
show that the suggested strategy has worked as intended and effectively. In addition to its advantages, each study has it:
limitations, and this work is no exception.&8 symptoms of fever, exhaustion, and dry cough were used as the evaluation
criterion forcommunity members, whicts one of the study's shortcomingsThemosttypicalsymptomof COVIBL9 infection
include these three criteria; however, some individuadsd also had additional symptoms including vomiting, diarrhea, and
the like. Thepossibility ofexpandinghe numberof membership functions tamprovethe decision supporsystem's accuracy
has been studied for three input variables.
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Abstract The capacity of future smart grids to automatically detect problems, isolate them, and restore service i
feature. Traditional mathematicgbrogramming techniques and heuristic approaches become computationally
expensive when used for the restoration issue, which is a comprehensive nonlinear optimization challenge. Dis
control must offer comfortable and safe power system opematand improve consumer supply quality. In this article,
suggest the multagent system (MAS) as the creative process that applies to the existing power distribution netwol
MASagents ardnstalled in "Intelligent electronidevices (IEDsgnd irteract with oneanotherusingopen protocolsrom

the "Foundation for Intelligent Physical Agents (FIAP)." A-Based distribution system simulator was built to test he
well MAS works. htab experiments were conducted with the simulator connected te tMAS. The test finding
demonstrated that theMAS effectively restored healthy divides by changing thereir originalconfiguration following
a predeterminedsequencenotwithstandingthe system'soperatinglimits. Thesuggested MABasshownthe efficacy ofa

distributed control method that uses in the absence of the technologies currently employed in IEDs for conti
protection.

Keywords:multi-agentsystem ntelligentelectronicdevicespowerdistribution networks,automatedrestorationprocess

1. Introduction

Power Distribution networks, which mark the completion of power transmission networks, must be developed to
provide energy to customers dependably and effectively. Conventional distribution infrastructures are passive connections
that constantly have several issues. One of the primary causes of customers' unhappiness due to recurrent damage tc
sensitive voltage equipment is poor voltage control of traditional distribution networks. The frequency and length of service
interruptions are also increased by the constant rise in power usage and the incapacity of distribution feeders that are old
and already overburdened to handle the rising load. However, constraints on electricity generation prices and rising
replacement and renewal castfor the current distribution networks make it more difficult for distributing system
administrators to satisfy customer demands (Shaheen 2022). The foundation for developing the outage control arrangement
is an understanding of the features of distriteni operations. A standard distribution network has several feeds. Some
sectionalizingswitching(SSs)typically closedare placedon the feeders.The feeder's endbusis connectedto the feederby a
normally-open tie switch (TS). Since protective toote areated using this architecture, the whole system is developed in
radial architecture. The upstream transmission network normally provides service to the whole distribution network. A
distribution network is fitted with many SSs that can be operatedataty. Additionally, the fault indicator may identify the
damaged line. Distributed energy resources (DERS) of accessible aagdaessible forms may exist in the system (Shi 2021).
Worldwide energy consumption is still rising, and with it are the quaditpectations. Increasing the dependability of
electrical networks is one of the key goals of smart grids-c®etecting methods, such as those that automatically locate
faults, isolate them, and restore service, may do this. Avoiding the requiremeufiomer contacts or servicing teams to
manually find and restore power to the optimal regions of the system, these three stages enable defects to be recognized
and rapid action to be performed. Modern smart grids will have the potential to repair theesemaking fault separation,
service reconstruction, and defect localization automated (Zafar 2020). Restoration of the distributing system is
accomplished by connecting the neglected loads left after fault separation to nearby feeders that may offierctssary
power to restart them. This is accomplished, as with the distribution system reorganization, by altering the state of
connection breakers and sectionalizing, which are typically closed and open, respectively. Nevertheless, the goals in eac
situation are extremely different because of the distinct nature of the problems being addressed. While restoration occurs in
a crisiswith the primary goal of feeding the untapped loads, recon Figurering happenswhile the distribution network
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operates normally and aims to minimize system damageH{#di 2021). Since higher impedance failure (KdlFjent is
unpredictable, asymmetrical, and nonlinear, it presents a very difficult challenge for detection. Although the size aftthe fa
current is often much smaller than the nominal load current, it is sometimes impossible to identify and idenséyiskaes

using standard ovecurrent approaches. When an energized conductor makes contact with the ground via a high impedance
item, such as dry pavement, wet sand, dry grasses, sod, etc., which restricts the flow of electricity to the ground, high
indudance failures usually result. Power systems must operate efficiently, dependably, and safely, which requires immediate
NEO23ayAlGAz2y 2F KAIK AYLISRIYOS RAFFAOdA GASA O6{FNBINI HAaHnA
the globe.Whether it is used for power production, dissemination, or distribution, they are often used in the grid. Despite
being the most prevalent, power distribution networks are the least computerized due to issues with data gathering,
adaptingstrategieserrorsto recognizecertainsituationsandtheir effects,and a lackof dependability evaluatiotechniques.

Energy firms paid minimal attention to these systems sthey were essential to them. But these days, it's important to pay
closeattention to theseconnections. They hawgot received enough attention, whidmas cause delay in theidigitization,

and there are still some problems. For instance, incorrect device positioning results in the absence of accurate ara full dat
which is why automated symms and relay safety in distributing power lines do not offer discrimination (Suslov 2020).
Promptly identifying problems and launching the necessary fixes greatly increases the speed and effectiveness of powel
restoration during outages. Users' downtinie decreased, and the network's dependability is improved by proactively
recognizing possible problems and taking preventative action. Additionally, automation maximizes resource utilization while
minimizing operating expenses during restoration attem@mewer distribution networks need an automated restoration
procedurefor effectivepower minimizationHence we proposed areffective MAS fothe automated restoration proces®r

power distribution networks.

2. RelatedWorks

Power delivery firms observdistribution network modernization as a successful investment option to improve
operational consistency and dependability. The automated distribution network incorporates both shifting and protection
equipment. This study (Li 2020) proposes an innovatippr@ach for fault measure and sectionalizing switch location
optimization in brancHine distribution systems. Theuggested strategy's objective function accounts for akrerall expense
of fault metrics,sectionalizing controlsgnddisruptioncosts.This study examinedailure signalsand remote-controlled valves
as various automated devices. Fiberthe-home networks (FTTH) are considered the most reliable solution for providing
clients with more and more throughput in the future. They offer freedamd the capacity to handle larger bandwidths
contrasted to the older access system using passive optical network connections. This article will outline the various fiber
deficiencies that impact FTTH networks' outstanding service. Monitoring and recaeergcaiired for the damage. Through
the identification and accessibility of the downstream signal from the optical line port, security and restoration praresses
stored using this system (ARahman 2022). After power disruptions brought on by severethvezaelectric utility providers
try to recover as much load as they can. This study suggests a network redesign and DERs scheduling outage contr
techniqueto improvedistribution sectorobustnessThesuggestedapproach may determinthe conFigure raion of aradial
network after a line fault depending on the order of the incidence vector. Sectionalizing lines and switching tie lireesdare u
to perform the redesign. An optimum DER scheduler issue is addressed using the novel system architectweettoaed
and minimize the overall cost of transportable DER activity (Shi 2021). After a natural catastrophe, repair teams (RT) anc
mobile power resources (MPR) are essential resources for managing distribution system (DS) outages. Their transportatior
nevertheless, has not been thoroughly examined. We provide a robust disaster response operations plan to coordinate DS
regeneration with the deployment of RT and MPR. To arrange RT and MPR in the mobility network plan them in the DS
modify the DS for micrgrid construction coordinately, etc., a unique-gptimization method is developed (Lei 2019). The
movement of conventional distribution systems towards new active ones has been prompted by the emergence of power
system reorganization and the significantorporation of renewable energy supplies. Rapid technological advancements in
the interim have created excellent opportunities for future laigmale use of generating units and power preservation
structures in the distributing sector. From the perspeetif operative time hierarchy, this study intends to give a thorough
analysis of current developments in the functioning of activity distribution systems (Ghadi 2019). Microgrids, distributed
generators, and nearby assets may be utilized to reestablishle&ds and provide resilience when a significant interruption
in a distribution system results from catastrophic events. To service important loads during blackouts, this research suggest
a decisioamaking process to identify the best restoration plag boordinating several sources. A tstep strategy
addresses the critical load recovery issue, with the first stage choosing thegststation topologies and the next stage
selecting the set of demands to be recovered and the outputs of suppliers (R@I®). These are the existing techniques
implemented in the automated restoration process for power distribution networks.

3. ProposedMethodology

3.1. Multi-agentsystems
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In thispart, we introducethe FIPA languagend standards for describing mu#igent methodsas wellas theplatform
Java Agenbevelopment Environment (JADE) utilized to create the suggested MAS. Agents are beings with a high degree o
generality that can read input and conduct independent behaviors to alter the condition of their surroundings. They may be
either hardware or softare. Features like independence, responsiveness, initiative, and friendliness are present. All
intelligent beings have these capacities by nature. Their actions and worldview define who they are. An ontology is a
description for the aim of facilitating theeansfer and recycling of information inside an agent or among a group of agents.

Zone agents and feeder agents make up the MAS. At every pair of sectionalizing controls in a feeder, there is a zon
agent stationed tdkeep a watch on things. Whemomaliesoccur, they notifytheir feeder agent and implement theontrols
prescribed by that agent. The actions of feeder agents change based on what the system requires. There are three distinc
types of these actions: the creator, the backup, andgkeond backup.

Established in 1996 by the IEEE Computer Society, FIPA is an association dedicated to advandiageagent
technology and ensuring compatibility across various systems. FIPA's model protocol isa@éatesl, unlike the OSI or
TCP/IP moels, which each include a singleb-layer at the application level. The agents may communicate with one another
dzaAy3 | O2fttSOGA2y 27F AdGSNIF (A DS -ReqiBtPdIORIf FPEENtrast Blat FahdFHRA 0 &
Subscribe."

JADESs a platform that is open source and may be used for the establishment of MAS using middleware that is
compliant with the FIPA standard. For use in peepeer agentbased applications, JADE is a protocol that is written in the
Java programming languag€he "Agent Management System (AMS)" is housed inside a specialized package unique to each
platform. The AMS is required to be completed and offers a white page service. The protocols established by FIPA are ¢
utmost significance for the collaboration drconversation between agents. The message transfer service is used extensively
throughout the agents' primary operations. Messages are treated as objects in JADE. These messages must comply with tt
ACL standard and must possess properties.

3.2. MASarchitectue

The terms "substation agent (SA), feeder agent (FA), branch agent (BA), and equipment agent (EA)" all describe
different types of agents. In the event of a forever fault, the MAS is responsible for the next actions: pinpointingids,loca
isolating he healthy extends that were adversely impacted, negotiating a backup source of power, analyzing the limitations
on the operationof the network, andre-energizinghe adequate butde-energized divides dt all feasible. Tablé details the
many roles thathe agents play.

Tablel Agents'Descriptions.

Agents  Taskgerformedby agents
Communicates with other FA toegotiate available power by sending and receiving request messages; The conversatic
FA originating FA evaluatesthe received offers in order of authority and picks the one with the highestrating. The FA
approacheghe BA,who istaskedwith assessinghe operationallimitations, toestablisha dialogue.
Provideghe associated=Awith information from thelEDs aboutaultsto beginpower restorationnegotiationsfor branches
that were previously poweredbut are now dead.
AS Takingn informationfrom EA notifying EAof the damagedarea,andalertingFAto beginrepairwork.
BA A messageof authorizationis receivedfrom FA;the branch’soverloadsituation is assessedand the availablepower is
determined.TheBAwill communicatethe possibilityof recovery.

EA

3.3.Developmenbf MAS

As noted, the created MAS can identify problems, cut off healthy circuits, reorganize the netwomnessard power
without risk by utility-defined priorities.TheMASoptimizes thegoalfunctionin equation(1)to provideanaccuraterecovery.

4By g (1)

WheretX isthe collectionof all branchesn the system,andw -gsthe overallconsumerghat frequentunit'Q

A secure recovery requires the MAS first to analyze the network's current state andestene without breaking any
operational limits. In this study, we focus on two funcigd restrictions, illustrated by equations (2) and (3), including the
capacity limits of converters at power substations and feeder cable sections.
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Where"Yais the convertors capacity 9", ziiois the overall capability of the power substation®;Yis the collection
of convertors of a substatior§X, is the group of the network sectiof@And @y, are the branch's thermal limit an® '@ is
the current through the component at a particular point in time.

The MAS verifies that the additional load current traveluig the feeder doesn't go beyond the present limit of the
cables and that the movefdoad, which occurred as a result of the system modification, did not result in an overflow at the
substation that was authorizetbr the recovery. In addition, the MAS verifies that the current limit of the cables was not
exceeded by the enhanced currenitthe load.

3.4.Modelfor MASdata

All relevant restoration data is represented in eXtensible Markup Language (XML), which is failikadwledge
expression.

3.5. MASSpecificationand modeling

MAS agents are software substances that have intelligence encodbdrdware that is outside ahe IED. This is
because the MAS agents are implemented as part of the IED. The data necessary for the reconstruction system to function i
obtained from the IEDs themselves; it is not reliant on a centralized control sySthenactions of the MAS agents are
discussed in the following section.

The SA is responsible for managing the layout of the feeders in the substation impacted by the absence of converters.
The FA is responsible fsor managing the rehabilitation of evefigiah and negotiating power with the other FAs. The
reconstruction of sections is carried out by the BA after analyzing the operational limits imposed by the power system. The
EA is the interface between the IED connected to the principal devices, @dejpresented by the EA. The MAS receives
data from the IEDs via the EA.

After the occurrence of a problem, the EA will deliver a message to the FA using thedgiirssting process. To
confirm that the message was received, FA sends back a confirrméissage of that kind INFORM.

The FA employs the FIE¥ontract Net protocol and communicates with all agents who can respond to a request for
assistance in resolving an issue by delivering a message of the type of Call for Proposes. For exaemj#oyteid when a
beginning FA tries to negotiate power with other FAs in the neighborhood.

The patrticipating agents will either react with a message of PROPOSE or REFUSE. After receiving all of the messag
the initiator FA will choose the most effectivdzZ 3 Sa G A2y > | TG SNJ 6 KA PROPOSAL antl REJECT & &
twhth{![£¢ YSaalr3aSaz NBaLSOlIA@Sted LG Aa AYLRNIIyd (G2 SYI
branch whose power has not been returned. On the other hahd,itistruction to reestablish authority is only carried out
once following the conclusion of the investigation into every sector.

Communication between FA and BA takes place using theStPBgcribe protocol. The FA will get a message of type
AGREE if theection reconstruction is successful and a statement of type FAILURE alternatively, prompting it to begin
negotiations to recover another section. After identifying the malfunctioning part, thadifies the EA and the FAs to fix it.

The FIPAubscribe ptocol is used by the FA to carry out the necessary discussions.

4. Simulatingthe power network for MAStesting

In this article, we will discuss how the MAS was integrated into a test workbench at the Federal University's Power
Systems Laboratory.

4.1. Method of examination

To ensure the MAS would perform as expected under-waald conditions, a Javhased computer simulator of a
YSRAdzY @2t i3S RAAGNAOdzGAZY &@aldSY 6l & odaAtidd a! ljdzA NI 1
four power substations that provide electricity to the system. The AQZ substation is unique because it has four output
feeders, and substations onhave one feeder each. Nine recloses and six normally open (NO) ties are used to move loads on
the neutral voltage netwrk. There are 12 separate networks that are separated by reclosers and tie controls.

When a persistent failure develops in the system, the MAS is conducted to reactivate the power while taking into
consideration the limits imposed by the network to guaesa safe recovery. It is essential that the network's radial layout
be preserved while the tie controls are being switched.

When a prolonged problem has been fixed, the MAS agents will begin to communicate with one another,
communicate with one anotheiand work together to restore the network automatically. During this procedure of working
together and sharing data, the agents are responsible for performing the following activities and functions: locating and
identifying the fault, isolating the indusé$ impacted by the fault, negotiating backup power, evaluating the operational
limitations, and restoring the sound sections.
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Thepower suppliesin the substationhavea nominalcurrent aswell asan excessivevoltage,whichis shownin Table
2. If one of the transformers failed, the remainder converter could handle an excessive voltage of up to 120% of its capacity

for 30 minutes.

Table2 Informationdivisionsfor substation.

Substation Bay Transformersoverloadlimit, A Transformersnominal current, A
JAB 01T1 630 525
0112 630 525
AQZ 01T1 755 629
0112 755 629
AGF 0111 1338 1115
01T2 1338 1115
MSJ 01T1 1338 1115

The information on the currents and the number of customers who live in every spread network section is detailed
Table 3. The MAS can get the information since they are saved in an XML file on the computer. The current detected is
proportional to the load requirement in each segment. The overall current that is being measured at the start of thessector i
equivalent to the current that is being measured in a certain industry.

Table3 Informationdivisionsfor feeder.

Feeder Branch Load,A Totalcurrent, A Cablethermal limits, A Numberof consumers
B4 34 184 439 351
AQZ_0116 B5 151 151 233 401
B11l 165 204 476 201
AQz_0114 B12 40 40 439 301
MSJ_21M2 B6 2634 264 439 301
Bl 13 245 476 301
AQz_0117 B2 233 233 476 251
B7 55 332 476 351
AQZ_0115 B8 121 278 476 301
JAB_01F4 B3 166 166 476 201
AGF_2111 B10 344 344 526 351

4.2. Simulationand MASSystermrintegration

The simulator was made available so that the integration of the power delivery system on an exterior MAS recovery
system could be validated. The proxy agent that is offered in the JADE platform to interact through TCP/IP between MAS an
exterior devices is what is used to carry out the communication that takes place between the MAS and the IEDs. Information
is delivered to the MAS program, hosted on the JADE platform, whenever the consumer modeled a problem on the
distribution system. This infaration is sent through the TCP/IP protocol. The agents will examine the status of the
malfunction and then take the necessary steps to separate the problem and reconnect the power network. The inclusion of
the MAS into the JADE framework, the power syssemulator, and the XML database are shown in Figure 1.

XML
Data File

/

MAS

Substation Agent
Feeder Agent
Branch Agent

Equipment Agent

TCP/IP
connection

A 4

I JDOM
I onnection

R e oo

AMS
RMA
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Figurel Simulationand MASSystemintegration.
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Through the process of restoring the database, the XML data file is changed into a Java object by using the JDON
library. Thenit istransmitted asa note to anyother agents thatrequireto obtain the data contained insidehe databaseThe
database will get frequent revisions from the EA. By negotiating for electricity and restoring the power grid, the FAsvalidat
and updates the XM data file as necessary.

5. PerformanceAnalysis

Automatic power restoration procedures may minimize the time needed to restore power after an outage.
Automating fault detection, evaluation, and reaction allows the system to swiftly locate the issue aruth nennecessary
fixes, including rerouting electricity or isolating problematic areas. As a result, we recommendeageultisystems (MAS)
for power distribution networks' automated restoration system. The existing techniques used for evaluation acHil
Huang Transform (HHT) and Convolutional Neural Network (CNN) (Sekhavatmanesh 2020), Modified Combinatorial Bende!
(MCB) (Guo 2019), and graph convolutional network (GCN) (Chen 2019). Adaptability, Fault Detection and Localization, ar
Implementationcost are evaluation metrics.

5.1. Adaptability

The term "adaptability" describes a system's capacity to efficiently adjust to and react to changes in its surroundings
or operational circumstances. It involves the system'’s capacity to adapt its actions, giatessisioamaking procedures to
suit brandnew conditions, demands, or restrictions. A flexible system should be able to react quickly and at the moment to
new data or occurrences. This entails swiftly processing and integrating further informationsar seadings, analyzing the
effects of changes, and modifying its contooldecisionmaking procedures as necessary. Figure 2 depicts the adaptability of
the conventional and suggested system. Table 4 shows the comparison of adaptability. It showe thatpbsed MAS has

high adaptability.
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20

MCB HHT-CNN GCN MAS [Proposed]

=

[=3
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1
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Figure2 Adaptabilityof the conventionalandsuggestedystem.

Table4 Comparisorof adaptability.

Methods Adaptability (%)
MCB 60
HHTFCNN 85
GCN 73
MASI[Proposed] 98

5.2. Faultdetectionandlocalizationaccuracy

Identifying the occurrence of abnormal circumstances or interruptions inside the power system is the process of fault
detection. This may include different defects, including line breaks, equipment malfunctions, transformer problems, or short
cirauits. After a defect has been identified, fault localization entails pinpointing its exact position inside the power system.
This knowledge is essential for concentrating restoration efforts and reducing the severity of the outage. An automated
restoration method must include fault detection and localization because they allow the system to identify defects and
pinpoint their locations quickly. Figure 3 depicts the fault detection and localization of the conventional and suggested
system. Table 5 shows treomparison of fault detection and localization. This indicates that the MAS has accurate fault
detection and localization. Hence it efficiently restores power to the affected areas.
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Figure3 Faultdetectionandlocalizationof the conventionaland suggestedystem.

Fault Detection and Localization (%)

Table5 Comparisorof fault detectionandlocalization.

Methods FaultDetectionand Localizatior{%)
MCB 86

HHTFCNN 73

GCN 65
MAS[Proposed] 98.5

5.3Implementationcost

The implementation cost of a systemafers to the expenses involved in bringing it into use in a specific piece of
software or hardware. Any system's implementation cost may vary greatly based on a wide range of variables, including the
system's complexity, the number of people participafirthe infrastructure needed, and the particular objectives and
specifications of the application. Figure 4 depicts the implementation cost of the conventional and suggested systefn. Table
shows the comparison of implementation costs. Implementation coktss in the proposed method.

100

80

Implementation cost (%)

20

MCB HHT-CNN GCN MAS [Proposed]
Methods
Figure4 Implementationcostof the conventionalandsuggestedystem.

Table6 Comparisorof implementationcost.

Methods Implementationcost(%)
MCB 97
HHTFCNN 83
GCN 75

MAS[Proposed] 40

6. Conclusions

Thisresearch examined the issue of fault recovery in automated distribution networks. Since their capacity for
exchangingcomplex data as well as allocating responsibilitiesamong agents, MAS is effectively able to resolve this
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challenging challenge. Using a WLAN utilizing the TCP/IP protocol, the MAS program created on the JADE platform and
powerful network simulator designed in Java were combined. The MAS system was independent of the existing methods anc
procedures used byhe IEDs since the mukligents were integrated into exterior hardware. The findings from the tests have
shown that the JADE platform and the simulator can effectively communicate, demonstrating the capabilities of the JADE
application to connect to redgime systems utilizing pedo-peer communication. Additionally, the growing significance of
decentralized management has inspired the creation of improved and more successful methods. That's exactly what this
study has done. To aid in the reconstructionfutiure micro grids and maintain their integration with smart power systems,

the suggested technique may be improved for active micro grid systems and smart grids as part of future research.
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Abstract The foundation of the global and Indian economies is agriculture. Since agriculture started millions of yei
many environments, civilizations, and technical developments have fostered and defined the evolutgricodtural
technology. In this study, we examine how we may analyze images of plants and soil to better keep tabs on thei
as well as how we can determine how much water each kind of plant needs. Images of the plants and soil are fil
using a digital camera with the necessary resolution. The form and geometric characteristics are extracted from tt
imagesusingthe inner distanceshapecontextbaseddescriptorand geometricaldescriptors.Thesoilimagesare alsoused
to extractfeatures and color properties. The botanical plant species dictionary is used to identify the plant type us
contour elements of the plant photos. Gradient structured random forestREpclassification is used to forecast |
diseases. Principalo@ponent Analysis (PCA) and Hierarchical Gradient Deep Neural NetwofBNN)sclassificatior
technigues araised to determinehe causes oé given plant diseasgased on thecharacteristics o$oil images and plan
disease images. The findings are cominated to the growers through text messages sent to their mobile phones
daily and seasonal basis, along with any potential recommendations for preventative actions.

Keywords:crop production,geometricadescriptorsplantdisease PCAGSRFHGDNN

1. Introduction

India’'s economy, as well as the whole world, is based on agriculture. The development of agricultural technology has
been supported and characterized by many conditions, civilizations, and technological advancements since it began million:
of years ago. Previously, the classification of agriculture was based on increased productivity, the substitution ofcsyntheti
fertilizers and insecticides for natural ones, and the allotment of more area. Due to the elimination of environmentakreason
in contemporary society, macrobiotic and sustainable agricultural practices have emerged. Through modern prediction
methods that give the ideal intensification environment under conditions of reproduction convenience protection, the
maximum agricultural yidl with the best quality is attainedB(adford 202). The use of data mining methods and improved
information and communication systems allow for the monitoring of the contemporary expansion of agricultural operations
(Zhang 2021). The health and developmehplants are strongly influenced by elements that are intimately related to plant
leaves and soil moisture levels. While plant leaves serve as indications of a plant's water status and general heatit, suffic
soil moisture is necessary for plantsabsorb water and crucial nutrients. For irrigation and plant cultivation to be effective,
both components must be monitored and managed (Joswig 2022). One may spot evidence of moisture stress by carefully
examining the leaves. Leaves that are wilting, ¢hiag, or turning yellow usually indicate inadequate moisture but leaves
that are too wet may indicate overrigation or poor drainage. Irrigation decisions may be helped by the fast response
provided by visual observation (Abioye et al. 2021). Differeathmds and tools may be used to assess soil moisture levels
directly. Metal probes on portable plant moisture meters allow them to be put into the soil. They provide instantaneous
moisture content measurements. Another option is to use tensiometers, winiehsure soil moisture based on the force
needed to draw moisture from the ground. These tools may provide information on soil moisture at various d&ptigs (
2019. To correctly detect moisture content, these sensors use a variety of technologies, nigobagiiacitance, time domain
reflectometry, or gypsum blocks. Soil moisture sensors make it possible to gather data-trmeea@nd may aid with
irrigation schedulingkamath 2013 With the ability to monitor wide regions, remote sensing may provide it@mdrdata on
the condition of the vegetation and the water supply. One may locate places with insufficient soil moisture by looking at the
vegetationindicesproducedfrom remote sensingdata (Trugman2019. The soil moisture levelsmay be inferred indiredly
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from weather station dataEvapotranspiration rates, which affect soil moisture, are influenced by variables inchadirfejl,
temperature, and relative humidity. It is possible to determine the moisture stress on plants and modify irrigation methods
by taking weather station datinto account and predicting water needs (Benos 2021). Effective plant management and
irrigation depend on measuring soil moistuaad plant leaves. Plant water stress may be immediately detected by looking at
the leaves. Precision information on soil moie content is provided by direct measuring methods such as plant moisture
meters, tensiometers, and soil moisture sensors. Broader views on plant health antbsgiilre patterns are made possible

by remote sensing methods and weather station data. Mgkeéducated decisions and using effective water management
techniques in plant agriculture are made possible by integrating information from these numerous sauiis2(19.
Typically, the practice of extracting samples from huge databases is reteresidatamining. The fundamental goal of data
mining methods is to extract the most important aspects from databases and arrange that information in a useful
arrangement for further use. Depending on the agricultural uses, many data mining methods (@ are used in
agriculture. Weather, pollution, and other environmental variables may be predicted with the help of the data mining tools
supplied. Soil properties, weed identification, and watere monitoring are only a few examples of the usesdfaa mining
approaches.

However, the most pressing problem in agriculture is the control of total crop yields via the use of -edigiag
technologies. Therefore, an efficient data mining approach is suggested in this work to forecast the ideal homdéyté
and theonset ofvarious illnesses. This paper's primary objecisvin determinethe many plantdiseasesandthe factors that
contribute to their occurrence. The &8 classification technique is used to predict plant diseases. In additicBDNNG
classification, which relies on probability values between characteristics of soil images and diseased plant imaget is used
forecast the causes of plant ilinesses.

The rest of the research is structured as follows: The various data mining meteedsruagricultural domains are
described in Section 2. The suggested agricultural production monitoring system is described in Section 3 employing uniqu
data mining methods. The performance assessment of the suggested strategies is shown in Secgoregeadrbh study is
concluded in Section 5, which also includes recommendations for further work on improvement.

2. Relatedworks

Study (Mishra 2021) examines how the Internet of Things (IoT) may be used to efficiently gather data on
environmental factors sutastemperature, pH, and precipitation usirgvariety ofmachinelearning methods. Decision Tree
to analyze agricultural data and provide recommendations about what may and cannot be planted. To improve agricultural
yields on a large scale, a model iveleped in this research that utilizes reaahe data to make iffield monitoring decisions
based on weather analysis and the identification of crop diseases. The software architecture of this platform is flexible
enough to accommodate a variety of plariséase models and other precision agriculture applications, making it suitable for
usage with a wide range of plant diseases (Khattab 2019). A study (Rigden 2020) showed that utilizing soil moisture dat:
leads to more precise projections of maize outputlasuggests that explicitly accounting for fluctuations in water availability
is necessary for precise estimations of how climate change will affect crop yields. The strengths and weaknesses of variou
methods and models offered in the current literatureeahnighlighted in the article (Dhaka 2021). In addition to discussing
how effective models are, this paper provides a summary of the datasets and performance measures utilized to do so. In the
study (Archontoulis 2020), they accomplish the following: (1plar the process behind the forecasts, (2) assess the
accuracy of the model's predictions using data from 10 sites over 4 years, and (3) pinpoint the variables most important for
predicting future yields and soil N dynamicehe models, which were madeing past, present, and future meteorological
data, were made public four weeks after planting. Research (Albergel 2019) evaluated the land data assimilation systen
LDASMonde, created by Météd-rance, for its ability to track how the 2018 summer heatwawv&/iestern Europe affected
the health of the region's vegetation. Articl8harma 2020provided a comprehensive overview of the use of ML in farming.
To keep an eye on the quality and production of crops, it is hecessary to classify various photos dfmji@wve livestock
output by utilizing ML models trained on data gathered from collar sensors to make predictions about fertility, diagnose
eating problems, and analyze the habits of cattle. Research (Pereirg 28 to update their understanding of Wao
estimate crop coefficients using data on ground cover and vegetation height. Article (&fthEy 2020) offered a historical
and futuristic perspective on remote sensing methods and their uses, particularly in the control of insect pests and plant
diseases. The electromagnetic radiation reflected and emitted by the ground target is measured, recorded, and processed to
perform remote sensing. The spectral characteristics of living things are crucial to remote sensing applications. Irssect pest
and plan diseases magiow be detected, forecasted, and managed on a wiggiety offruit orchards and crops with these
of remote sensing. The primary goals of these apps were to gather information useful for making decisions about insect pest
control and reduing chemical pesticide contamination. Each kernel's development is influenced bynitent of water and
nitrogen (N) available to the plant during the blooming period. The current research documents the changes in the dry
weight of maize kernels in respsa to varying amounts of water and N. The effects of three irrigation regimes and five N
treatment rates on weekly maizekernel growth were tested for two consecutiveyears. Findingsadd to the literature on
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maximizing maize yields in semiarid environments by optimizing the use of nitrogen fertilizer and irrigation water (Hammad
2021).

3. Methodology

Our suggested method for enhancing the monitoring of agricultural yields is divided into three stages: image
preprocessing, detection, and communication. Data mining methods are refined and adapted for various procedures at each
stage. In theriitial step, we prepare photos of the soil and plants. In the second stage, plant illness and its causes are
predicted based on soil characteristics. The last step makes use of IT to warn farmers by disseminating data about plan
varieties, plant illnessesand their origins. This section provides a concise summary of these three stages of monitoring
systems.

3.1.ImagePreprocessing’hase

Initially, highresolution digital camera input photos of several plant types and soil are gathered. To continue
processing, theollected pictures are sent to amageprocessing uniteither over a wired omwireless network. Thgathered
pictures then undergo prprocessing, whereby noise and other disturbances are removed while the characteristics used in
the predction process are also improved. Images are cleaned up by removing noise and then transformed from RGB to their
color space equivalents. After the enhancement process is complete, a Region of Interest (ROI) based segmentatiol
technique is utilized for theesulting images. The goal of ROl segmentation is to divide a given image into many distinct
sections or categories. It is denoted in equation (1):
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In equation(1),T ((0-®-) refersto the two adjacentregionsof the area,(f (0®-)) is the length of the two regions,

1 refers to the weight of (0, 1f,denotes the boundary strength anltg 0 epresent the spectral values of two regions. The
polygonal leaf model is used to recover the contour elements of plant pictures. Then, using a botanical plant species
dictionary containing descriptions of vads plant species, semantic representation is given to these contour data to identify
the kinds of plants.

3.2.PlantDiseaséPrediction

The GSRF makes its disease prediction based on the plant species and characteristics. WREnisG&sed in a
training dataset, it may detect plant diseases that were previously undetected.

3.2.1.Gradientstructuredrandomforest

GSRF combines the benefits of random forests with gradient boosting. To improve forecast accuracy and
interpretability, it was added as an addition to the conventional random forest method. The goalRF &Sto identify the
interactions and cumulativeffects of features in a dataset.

Incorporating gradient boosting into the random forest framework is the main concept underlyiRFGS welliked
approach called gradient boosting creates a series of weak learners by fiitérrgsiduals ofhe prior models repeatedly. By
steadily improving forecasts, it focuses on reducing the loss function. Random forests, on the other hand, train several
decision trees individually and combine their predictions using either majority voting or averaging.

A random foest model is trained on the training set after a subset of features is randomly chosen at each iteration.
The residuals are then calculated using the predictions of these trees, and in the succeeding iteration, a fresh sedraf trees
used to fit the resiuals. Until a certain number of iterations or a stopping condition is achieved, this process keeps going.

The boosting and random forest methods are combined ilRES0 make use of each method's advantages. The
random forest component captures the ndimear correlations and interactions between the features, while the boosting
component concentrates on improving the model by fitting the residuals.

Benefits for interpretability com&rom GSRF. It enables feature significareealysis, allowing thdiscowry offactors
that significantly influence the model's predictions. Based on the average influence of each feature over the ensemble of
trees, feature significance may be calculated. The underlying links between characteristics and the target varidb@may
be better understood, which makes &% an important tool for data analysis and interpretation.

A random forest is a kind of ensemble learning machine that generates hypotheses by combining the major
population of forecasts from several various basedels. By reflecting important qualities, the RF is simple and efficiently
specifies data from large datasets. The pixels of the leaf are constructed to generate a subdiviSiah eddh level, andR
is the foundation of the corresponding tree. Eacketis created uniquely, with each node matching a rectangular subset of
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R’. One expanded tree leaf is picked at each step of construction. The dataset is randomly split into two pieces that serve
different purposes in the constructioof each tree. The structural elements that affect the shape of the tree are taken into
consideration to estimate the split dimensions and split characteristics. The assessment nodes are used to fit the estimators
in each tree leaf. By allocating each pdio the structure or estimate component, each tree experiences a random division
of the perceptions regarding data.

The testing examples for thQ(&), Q(q), .., @A) classifiers were randomized from the distribution of the random
vectorsy, @. The revenue feature is written in equation-$2

OAB® = @ 0@ =d T oew=1 @
0 Q oo Q@
wherethe measuredvalueis Q). Thesourceof the mistakeis
00 = Dge(@ "AOD,Q) < 0) (3)

Theprobability overthe dxddimension,indicatedby where®, Gspace® 'YQ "Q{&) = "Ad, g9
Themarginfeature for an RHs
oo

Gi(d0 =0 (Bdg)=6 _ 0 @g)} (4)
g Q9 9

Moreover,the setof classifiers (@,g)} hasavalueof
Y= QGBS (©)

The GSRFtraining procedure resolvesthis optimization issue. The training algorithm 1 is broken down into the
following stages:

Algorithm 1: TrainingAlgorithm

1. SetparametersCand & *

2. Tocreatethe first classifier, applynductive GSRRo the trainingsetof data

3. Setthe numberof sampleswith a positivelabeldependingon the rule

4. Allunlabeledsamplesdecisionfunction valuesshouldbe calculated

5. Indicateasaffirmative sampleghosewith the greatestdecisionfunction

6. Settemporaryeffectfactor 60d 1) 2

7. Overallsamplegetrain the existing

8. One set of differertabeled unlabeled samplelsibels are switched using a specific rule to produce the value of the
objective function by utilizing (5).

9. Repeathe procedureuntil there areno more pairsof sampleghat meetthe switchingrequirement.

10. Increasethe C mp valuebeforeproceedingo step7.

11."0 (604 ) 2 >62)

12. Stop

13. Attain the output

In the testing phase, the data is compared to the training data, which successfully predicts the type of plant disease.
Additionally, usinghe PCAapproach toextract thecharacteristics fronthe soilimages, thenecessary water content levédr
the particular kind of plant is forecasted.

3.3.PrincipalComponenfnalysi{PCA)

The PCA is used to analyze the measurements of several variables in a group of individuals. The PCA operates in
space withfewer dimensions to facilitate comprehension and reduce the number of latent variables (principal components)
from the original variables. By resolving an optimization issue specified in equation (6), the primary components are
achieved.

max(®= &Y, (6)

Subjectto &37¥= 1,

Where V = (I/myo " is the data matrix's sample covariance matrix, and x is of unitary norm according to the
requirement®Yo = 1, where W is a matrix with n elements and o variablésKk S 3INBI 6 Sad SAGBSYAd { dzS
the answerto the optimization problem specifiedin equation (2) after performing a dimensionreductionto r components
(i < €). The eigenvalues of U are arranged accordingito- - - > in decreasing order. The first primacgmponent w1l is
the unitary norm's eigenvector,or _1, whichis connectedto the greatesteigenvalueof U, that is, _1. whena andc» are
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orthogonal, as ity = 0, the second principal component, w2; is the eigenvector associated with them, and so on for
the other components.

It is possible to rotate the retrieved components to enhance the understanding. One of the modikeelfotation
techniques is Varimax, which is used for component loadings. seeatti@ax approach in detail. The varimax orthogonal
rotation attempts to maximize the variation of the squared loadings in each component, resulting in big loadings for a select
few variables and modest loadings for the other variables. Consequently, at eaffaetors that influence each component
may be found. The observed variables should therefore only have one loading that is significant in absolute value, ensuring
that the variables are primarily connected to one component.

3.4.HierarchicalcradientDeepNeuralNetwork(HGDNN)

\
y

Input layer Hidden layer Output layer

Figurel Structureof deepneuralnetworks.

DNN can extract latent learning from huge datasets, as seen in Figure. 1. With the help of the Python library Keras,
users may quickly and flexibly build and test deep learning modfétapping Theano and Tensor Flow, two of the most
potent numerical computing libraries presently accessible makes it simple to describe and create neural system models with
only a few lines of code at most. An epoch is a whole loop over a particular daBasetdjusting the number of epochs
through backpropagation, errors may bkgnificantly reduced. A confusion matrix is doel for evaluating the effectiveness
of a categorization system. The information about the existing classes and the predictess ¢tapsesented in a confusion
matrix in the form of rows and columns. Different components make up thédN@'s many network levels. At each layer,
information is received at the top, shown at the bottom, and kept hidden at all subsequent levels. Theismade and the
results are compiled. However, backpropagation is used to complete th®MXE model training. Or the loss function
measures the discrepancy between outcomes that were anticipated and those that were achieved. Throughout the training
phase changes are made to the weight coefficient W and bias B.

OO = a5 =1, (¢ 1+ @) @’ ()

2 2 2 2

Inequation(7), Theburiedlayer'soutput isdenotedby ¢¥.

3.5.CommunicatiofPhase

In this communication stage, farmers get letters or emails outlining the types of plant diseases that are likely to
appear ontheir farms, as well as the soil conditions that are likely to cause those diseases. Farmers' output may be boosted
by the suggested monitoring system to better water management and reduced disease incidence. Algorithm 2 shows
proposed steps.

Algorithm 2:Proposed Algorithm

Input: Plantor Soilimages@ X , ®

Output: Typeof plant & diseaseandits causes.

1. Gatherlmages

2. Imaginenoisereduction

3. Transforma pictureinto arepresentationin colorspace

/limage segmentation

4. Selecthe image'sseedpixel

5. Setstandardgo helpthe areadevelop
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6. If a pixelis 8-connectedto at leastoneother pixelin the area,includeit in the region
7. Testthe percentageof eachpixel

8. Labelall the region

9. If two areashavethe samelabel,combinethem

10. Extrapolatethe geometricdetailsand form from the plantimages

11. Applysemanticcontourrepresentation

12. Determinethe plant'sspecies

/[Prediction of plantdisease

13. Definethe optimizationproblemfor the GSRFclassifier

14. Gettrainingmaterials

15. Executehe GSRFprocedure

16. Attain the result

17. Comparethe trainingandtestingdata.

18. Determinethe disease'sorm

/[Prediction of the cause®f plantdiseases

19. Identify the soilimagetextures andcolors.

20. UsingP CAdistribution, choosethe topic mix for the descriptionof the plant species
21. Selectthe subjectto createeachword in the description

22. Thencreatewordsbasedon a multinomialdistribution for the subject
23. Calculatehe likelihoodthat soil propertiesandwordswill occur

24. HGDNNclassificatiorshouldbe doneusingthe calculatedprobabilities
25. Utilizeequation(7)to determinethe output function

26. Determinethe root cause®f the specificplant disease

27. Textmessagesnay be usedto inform farmersof the forecastfindings
28.End

4. Results

In this section, we comparte accuracy and precision ofirrent and proposed methods for predicting plant diseases
and their underlying causes. Causes of plant illnesses are predicted and compared to those predicted using the principa
component analysis and the similarity measunethods. The suggested methods of Convolutional Neural Network (CNN), K
Nearest Neighbor (KNN), and-B5 are compared with one another and their respective plant disease prediction outcomes.
Precision, which is wetlefined as the ratio of properly categzed cases to all occurrences of predictively positive
data, is one of the most important criteria for accuracy. Equation (8) is used to compute the precision.

®)

precision =

TP+FP

100 4

a0

o
=)
L

Precision (%)

»
=y
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r r
GLCM [21] 8P 21 GF [21) PCA

Methods

Figure2 Comparisorof Precisiorin PlantDiseaseCause$rediction.

The comparison of the Gray Level-@murrence Matrix (GLCM), Local Binary Patterns (LBP), Gabor filters (GF), and
PCA techniques in terms of accuracy for predicting the causes of plant disgasg#®wn in Figure. 2. The inspection of the
aforementioned graph demonstratesthat as the number of featuresrises, so doesthe accuracyof the PCAapproach.
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Methods are takerfor the xaxis, and precision values are obtained for yhaxis. It demonstrates that the PCA prediction
approach has improved accuracy.

Precision (%)
@ @ 2
3 8 8
L L

=
=3

n
=]
L

r T T
CNN [22] KNN [23] GS-RF [Proposed]
Methods

Figure3 Acomparisorof Precisiorfor predicting planteafdisease.

Figure 3 compares the accuracy of the CNN, KNN, aAdFG&proaches for predicting plant leditease. The
examination of the graph above demonstrates that as the number of features rises, the accuracy ofRkeaBfroach also
increases. Methods are taken for theaxis, and precision values are obtained for thaxis. It demonstrates that the &RF
prediction approach now has higher accuracy.

Thesystem's accuracy is measured by greportion ofsamples for which theroposedstrategy correctly anticipated
outcomes. Equation (9) is used to determine accuracy.

TP+TN
Accuracy=______ 9)
TP+TN+FP+FN
96 -
as 4
ggz 1 @
8
<
90 4
-
88 « =3

T -r T
GLeM [21) L8P 121 GF 21)

1 PeA
Methods

Figure4 Comparisorof Accuracyn PlantDiseaseCause$rediction.

Figure 4 compares the accuracy of the GLCM, LBP, GF, and PCA approaches for predicting the causes of plant disee
The examinatiorof the graph above demonstrates that as the number of features rises, the accuracy of the PCA approach

also increases. Methods are listed on thaxis, while accuracy (%) is shown on thaxis. It demonstrates that the PCA
prediction method's accuracy kayrown.

Accuracy (%)
3 3 8 2 2

®

82

CNN [22] KNN [23] GS-RF [Proposed]
Methods

Figure5 Acomparisorof Accuracyfor predictingplant leaf disease.
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Figure 5. Analyzes the accuracy of plant leaf diseases using CNN, KNN,-RRdm@shods in comparison. The
examination of the graph above demonstrates thes the number of characteristics rises, the accuracy of theRES
approach also increases. Methods are listed on tais, whileaccuracy (%) is shown on theyis. It demonstrates that the
GSRF prediction method's accuracy has grown.

5. Conclusion

Thispaper suggests a new data mining approach for use in agricultural field monitoring systems. The suggested data
mining method is associated with the forecasting of plant diseases and their causes. The suggested approach uses contol
analysis of extractedharacteristics from leaf images in conjunction with a botanical plant species dictionary to determine
the kind of plant. The GBF classification then makes a prediction of the plant disease based on the form and texture
attributes of the plant images. THRCA method is used to create a model between the color and texture properties of soil
photographs and images of infected plants. In addition,-IMG\ categorization is used to predict the origins of plant
diseasesThefarmers thenget text messages otheir mobiledevices withthe forecastedinformation. As aconsequence, the
agricultural output monitoring system is improved by the use of our proposed monitoring approach to better control
irrigation and diseases. The experimental results validate the lrsefa of the suggested monitoring system. Improving
agricultural yields will need a further examination of the prediction method for tracking plant development.
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Abstract For traffic control systems, the intricate nature and quantityehicular traffic have recently risen significant
For transportation systems to be optimized and overall efficiency to be increased, accurate prediction of tr
essential. To anticipate vehicular traffic flow, we introduce a unique reptileoptimized bidirectional gated recurren
unit (RAGBIGRU) method in this study. Ant colony optimization (ACO) and reptile search optimization (RSO) metl
combined in theRAO. Th&rGRU model's performands improved by using thRAO tdbetter choosethe input features.
Extensive experiments are run utilizing the traffic data database to assess the efficacy of the suggested appro
outcomes show that in terms of predicting accuracy and computational effectiveness, the suggest&IGE\Dstrateq;
performs better than the conventional forecasting strategies.

Keywords:traffic control systemsyehicularraffic, transportations RAGBIGRU

1. Introduction

Theability ofan algorithmto performtasks thatoften demand intelligencéom humans, suclasrecognizingohrases,
comprehension of spoken words, and cheiaking, is referred to as artificially intelligent. With the help of artificial
intelligence, robotics are able to sense things around them as well as communicate with them, make decisions, and
accomplish challenging jobs. Using the "machine learning” subfield of artificial intelligence enables robotics to acquire
knowledge through information and improve continuougku et al 2021). Machines can be programmed to perform specific
duties in autanation, such as grabbing, recognizing objects, and route mapping. The technique of deep learning is a sort of
algorithm for learning that uses artificial brain networks that assist machines in comprehending enormous amounts of
information. Deep learning prves especially helpful in robots for situations such as identifying objects, word and picture
acknowledgment, and especially processing natural languages (Cio 2019). Collectively, these advancements make it possik
to create robotics that are capable o&rrying out a variety of activities, from straightforward pakd-place procedures to
intricate manipulations and navigating situations. Technologies could change as a result of the use of artificial ietelligenc
machine learning, and advanced learnisgice machines could grow increasingly smart, independent, and efficient in a
variety of situations. Robots constitute a growing discipline, and artificial intelligence, machine learning, and advanced
learning are projected to be important factors in dat@ning how robots will develop in the years to come (Soori 2023).
Artificial intelligence is utilized in sophisticated machinery to build machines that are capable of seeing, logic, aimybehav
independently in challenging circumstances. Robots can igaight through their mistakes and gradually enhance their
abilities thanks to automated training. Deep learning is applied to tackle particular challenges that are challenginigdbr typ
methods of machine learning to address, such as spoken and dswmification. Modern robots havbeen created to carry
out intricate duties that had been believed might be unfeasible by integrating different innovations (Rothemund 2021).
Regarding the examination and customization of sophisticated robots, theirsliskdompassing. Machines can recognize
things, negotiate challenging settings, and occasionally generate judgments using current information themé&Higence
in automation. Machines may aught to acquireknowledgethrough experiences and adapting new circumstances using
machinelearningtechniques. Roboticsanexecutechallengingassignmentsvith deepneuralnetworksthat might havebeen
unfeasible utilizing traditional coding techniques. By promoting the creation of smart robots thatpeable of carrying out
difficult tasks at an elevated level of precision and effectiveness, machine learning and deep learning are revoluti@nizing t
area of cuttingedge robots (Popli 2023).

The aim is to contribute to the development of advanced tragtion systems that are more efficient, sustainable
and responsive to the needs of both transportation authorities.
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The remainder of the paper is divided into subsequent parts. Part 2 contains the related work, part 3 includes the
proposed method explained, part 4 presents the results and part 5 discusses the results.

2. RelatedWork

Tak (2021) offeredesearch to obtain traffic information from a surveillance device placed at a junction, enhancing
road management systems. As a result, the technique suggested in this research demonstrates the viability of gathering
thoroughroadway informatiorutilizingcamerasmountedat a junction. The keyaspectof thiswork is the methodof merging
HD maps with artificial intelligence algorithms, with a great probability to enhance present road tracking technologies. A
study (Rani and Sharma 2023) shows that an auteth#raining network built around tredased decision trees, random
forest, extra trees, and XGBoost methods is offered as an automated transit system to address the roadway flows of IOVs it
smart town situations. According to combination teaching and desd averages, simulation findings show that the
suggested approach can offer excellent detection precision and cheap computing expenses.

The research (Liu 2023) uses automobiles with everywhere technology powered by intelligent machines. The
outcomes fromdifferent analyses of automobile detection of images using 5G networks are now the following: the
proportion of enhanced transit in 5G technology is 83.2%; the power source proportion of automobile picture tracking on
travel is 87.2%; the proportion of thadvancement of communication between vehicles via V2X is 84.36%; the proportion of
increased convenience while driving is 81.15%; and the proportion of reduced congestion in the roadways is 90.84%. Tc
enable worldwide data collection with immediate infoation, a collaborative study (Hui 2021) first constructed automated
vehicle networks depending upon the improved advancements in audio video and heterogeneous automotive
communication methods.

In a review of literature information acquired through th&orldwide Web of Sciences main gathering, this
investigation (Chen 2023) employs bibliographic approaches and networking analytic measurements to obtain an
understanding of the investigation's state, development procedure, prospects, and challenges tadsedgth artificial
intelligence trafficflow prediction studies. Thimquiry mayassistacademics ifetter understanding theurrent statusof the
field and prospects for artificial intelligendmsed traffic flow prediction. The majority of the artifit intelligence
technologies presented in this article (Englund 2021) require much information. Info quantity and availability are vital, yet
is always necessary to combine an array of info gathered from different sources and information categodesgeldp a
comprehensive picture of the situation on a city scale, information gathered from suppliers of services and government
transportation officials, including client information, is essential.

With the goal of preventing crashes, the study (Olugb@082) examines the main problems, potential fixes, and
deployment of automated learning and robotics in road transportation networks. The study concludes by summarizing the
difficulties in applying machine learning to public transportation networks, hybtihg recent developments in research,
pointing out open issues, and emphasizing key research findings. The findings can be used as a resource for arranging al
overseeing the highway transportation network. To aid in actual time choices, the presatt Sihamizhazhagan 2022)
developed a successful artificial intelligeHzased parallel autoencodéraffic flow prediction framework for connected and
autonomous electric vehicles. Both the independent processes of feature development and traffic flaatiprechake up
the framework as it is now represented. The method of defining features includes a few steps, including feature
development, choosing components, and discovering features. The data that come in instead were screened for anomalous
points of data utilizing a standard vector data description approach, and the real information was smoothed.

The most important positiobased singleast networking techniques for vehiele-vehicle telecommunications in
city environments are briefly reviewed in thiesearch (Patankar 2022). They offer the functionality they need to function so
that data may be sent among vehicle locations. They list respective advantages and disadvantages. It presents a-simulatior
based analysis of both dynamic and static cirealection routing methods. In this research (Mohammadi 2020), automated
traffic prediction engines are suggested, and the optimization process is carried out udiagedll methodologies. This
approach is put to the proof in an actd#e scenario, and ths, it has been shown to be effective at reliably estimating
congestion. This forecasting of the adaptive nefturzy inference system (ANFIS) algorithm can be put into practice and
utilized to forecast traffic patterns in place of cameras.

3. Methodology
3.1.Dataset

The Caltrans Performance Evaluation and Monitoring System's actual time gathering of California road traffic
information, known as PEMS, was employed in the test in this research. To create the last piece of information every five
minutes, PEMS inforation was obtained every thirty seconds. The PEMS information utilized in the trial was acquired
through a monitoring facility on Interstate 5 between May 1 and June 30, 2014, comprising an average of 61 consecutive
days including 17568 recordings (ZhafgD).
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3.2. Preprocessingsingmin-maxnormalization

Information about trafficmovement constitutes an irregular randomized pattern. To assign the information into the
range [0, 1], a combination of minimum and maximum normalization was used during the experiments. where Y represents
the normalized information, w is the initial infioration, andwmin and wmax are the minimum and maximum values wf
respectively, which is how normalization is described in equation (1).

O= 0 Vg (1)

bacm Vae
3.3. Ant ColonyOptimization(ACO)

Ant colony optimization (ACO) is a naturally influenced MA that imitates the ant's foraging behavior. Since ACO
permits simultaneous execution without creating a procedure dependence and provides input regardingitins atants
within the area for searches, it seems more rational compared to other metaheuristic algorithms. Ants are able to identify
the quickest path from their community and the source of foods; therefore, they are not blind while seeking meals. Ants
leave behind an organic substance called a pheromone that travels alongside their path as theytmowades a channel
to communicate within ants that shows the quickest route to an energy source. Ants locate nourishment by detecting the
pheromones lef behind by different ants who have already traveled a particular route, increasing the likelihood that more
ants will follow in their footsteps.

ACO bases its probability judgments on pheromone trails and heuristic data. Each time they move alongrdstrail,
can alter their pheromone concentration at every junction. A characteristic has a greater chance to become a component of
the fastest route when more ants pass over it and more pheromones are deposited there as a result. Most ants are going
down theroute with the greatest amount of pheromones, and it is also the most in the brief way. Ants are distributed
randomly throughout a set of features with a certain maximum number of generagpasd the pheromone amount 0=1 is
initialized at each of th& characteristics. The transitional frequen8@lj(g)given by the Ith ant with its jth characteristic at
each iteration h is displayed here.
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where ilj represents a list of prospective neighbors i8f characteristics in which thé" ant fails to examine.
Nonnegativevariables, alongvith correspondingly, specifyre proportional significanceof pheromone levels (&nd heuristic
data (j) for the ants' motions.

A function of fithess (FF) is then used to measure a fresh set of clragtsnonce theant decides on th@ext item on
its journey. If a rise in fit values fails to occur following the addition of any fresh characteristic, the motion |Bfathieis
terminated. The quantity of pheromones levels at the subsequent generdtionl) at thejth characteristic is modified as
follows if the halting requirements have not been met.

O+ 1) = (1 €)TQ+ Bl 3Q ©)
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where M remains the number of ants, o is the pheromone decay ratig §0< 1), [TI(h)] displays the number of
picked characteristics, argindicates the pheromones dropped by a Ith ant provided jfheharacteristic is within the ant's
simplest route; alternatively, this is 0.

As soon as g hits the predetermined maxim@mhe conditions for stopping are saiisfl. An optimum final solution
can be chosen based on an array of attributes having the greatest pheromone levels and lowest fithess score.

3.4.ReptileSearchAlgorithm(RSA)

To mimic the surrounding and feeding behavior of crocodiles, the animal's searclon@®8A) was suggested. It
represents a gradiedfree technique that begins by producing the following randomized remedies:

O 162 Qo X (Do 0O+ VORI QY {1,8,0)@Q {1,8,0}  (5)

where random [0,1] is a number that is randomly dispersed evenly in the frequency band [0, 1]wfi i$)thejth
answer that uses thé" input feature for a total ofM solutions consisting dfl characteristics, and thd" feature comprises
higher VAand lowers KAlimits.
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RSA may be defined in terms based on two rules: exploration and exploitation, similar to each of theimsgtiresl
metaheuristic algorithms. The crocodile's ability to maneuver despite surrounding its Vietpa to explain those ideas. To
gain advantages from crocodile instinctive behavior, RSA's overall repetitions are split across four parts. RSA completes th
investigation in the initial two phases using an encircled behavior that includes both elevate@ba@lominal moving
motions. Thesereptilesstart to circlethe areathat surroundsit, enablinga more thoroughexaminationof the answer areaA
mathematical framework can describe such behavior:
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While Bestj(g)denotes all optimal options for }ih characteristicmi,j is the seeking operation for thie™ features in
the i"™ solution (determined as in Equation (6)), and parameter denotes the exploring quality over a duration of repetitions,
whichis chosen to be 0.1. Reducing functionality the equation, andlis an integer ranging from 1 ard utilized for
selecting a single of the potential solutions, and progrestaeérefers to the likelihood proportion decreasing via 2 to 2 over
repetitions.Qj,iserves to narrow the area of searching and is determined using Formula.

bor 6AKY * b (7)

Oj,iis the ratio of thei™ number in the ideal outcome to the equivalent in the present result, and it may be computed
as follows:
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Thus,it representsa modestbaselinenumberand is a critical factor that determinesthe exploringachievementand
N(wij)relatesto typicalanswershat are describedasfollows:
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where rand [1, 1] is an integer chosen at random among (1, 1). The amount equal to 2 serves as a multiplication for
offering values for correlation in the range of [0, 2].

The use of force (hunting) to seek out features for the best solution is implemented by RSA in the last two phases
employing both hunt and collaboration as well as coordination. Applying the subsequent fotimeilanswer may change its
numerical value by exploiting others:
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The method finishes afte§ iterations, and the potential answer having the lowest fitter rating is chosen as the
optimum final solution (OFS). Eveitgration's possible solutions are evaluated for validity utilizing the specified FF.
Algorithm2 depicts the RSO approach.

Algorithm-1: ReptileAnt Optimization

Stepl: Uploadthe data

Step2: Set the Automatic Control Operator variables

Step3: Setup the randomaccesgprotocol parameters

Step4: Initialize the pooled variabléd, N, andS

Step5: performforh=1t0 S

Step6: Assumehe initial version

Step7: Useequations(2)to (4)to carryout asingleround of AOC.
Step8: Else

Step9: If the togglemarkis 1
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Step10: Conductone cycleof a different method that wasnot usedduringthe prior cycleof AOC.
Step 11: Switching flags 0

Stepl2:Else

Step13: Useidenticaltechniqueyou did for cycleACO

Step 14: End if

Step15: Endif

Stepl6: Assessmentf FF

Stepl7:Updatingpotentialanswers

Step 18: ifCQ'D ) <a (OB K)

Step19: switching flags 1

Step20: End if

Step21:Endfor

Step 22: Include a threshold of 0.5 for the suggested solutions containirigwiest FRo obtain the optimum final
solution.

3.5. BidirectionalGatedRecurrentJnit (BFGRU)

It is suggested that RNNs tackle consecutive timees data issues using the benefit of storing past data. However, it
only has one architecture and usesparameter solving mechanism centered around propagation backward over. The
passage of time, gradients disappearing and inflating restrictions are useful ielonglependence. The inner cell makeup
of RNN, LSTM, and GRU is demonstrated by how they desiveRNN to get around the constraint of the RNN algorithm.
Upon the foundation of RNN, storage cells and 3 gafiesget gates, intake entrance, then release gatbat regulate the
flow of data between cells in LSTM and establish the engrgservation,and final result of data, accordingly, are added in
the LSTM algorithm.

The updating and reset gates are two additional unique gates used toylessen gradient dispersion, which allows
for memory retention and reduced computational cost. The updatinig gabstitutes for the input that forget gates in the
LSTM and determines how much of the prior data is retained for the present anticipated, as shown in Eq. (13):

v=, (R dQ 1, 0D+ 6 (13)

It produces numbers from 0 and 1 and reflects the sigmoid activation function. Represents théngivematrices at
timestepSandrepresentsthe hiddenstate at timestep S-1. Themodificationto the gate's matrixof weightsis calledys while
its bias matrix is called bz. The amount of previous information that ought to be disregarded is controlled by the giate that
resetay, which is defined as:

fv=, (G TGy 1, OB + 6y (14)

whereisthe biassedmatrices ofthe resetgatesandrepresentshe resetgates'weighted matrices.
The potential concealed condition can therefore be described as

W= o A Ded"Qy 16 IvODY + g (15)

where Tanh is the triggering process for Tanh and are the weightadces and biase matrices of the fresh memory
unit nation, where dot multiplying is the cell's fresh condition.
Theresultof operation(g) consequentlyindicatesthat thereisalinearinterpolationbetweenht andgt-1:

Q= (1 OB+ GE'B6  (16)

Implicit characteristics and complicated variations inside data sequences must be extracted to create an effective
predictionframeworkfor daily output. TheGRU, howeveiis onlycapableof extractingdata pertainingto the directionthat is
forward, disregardinghe helpful details included in theeversed historicainformation. To efficiently extradhe information
among the outputvariation and variablessed for input, theBFGRU method is presented.-BRU, a combination dfoth the
forward GRU and the reversed GRU, may take connections in both forward and reverse orientations into account. Both the
forward-facing and backward versions of the GRU are able to collect both past and future knowledge based on the provided
information.

The BiGRU may be stated as follows: the forward GRU's and the reverse GRU's corresponding concealed states ar
shown in Figure 1.
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Theconcealedstatesof the forward- and backwardmoving GRUare indicatedby g~ andg>, respectively E standsfor
the method of merging the results from both approaches, such as multiplying, typical, summary, and other operations. The
suggested BGRU framework is appropriate for examininge tprocess of stimulating effectiveness since it can portray
simultaneous patterns among different inputs and outputs.

Pythonlanguagenvasusedto analyzethe proposedmethod.

Consider each of the algorithms' associated predictions for workweekswaekends. Root mean square error
(RMSE), mean absolute error (MAE), and mean absolute percentage error (MAPE) are all frequently employed performanc
measures in theetting ofartificial intelligencgAl)vehiclecirculation forecasts with innovativeodes oftransportation. The
precision and dependability of highway traffic estimations offered by artificial intelligence algorithms is evaluateduaking s
indicators.Letus gointo more depth aboutthe methodsin Figure2. Root mearsquareerror (RMSEjs a measurement ofhe
median variance among the numbers anticipated for traffic movement as well as the values that were actually measured in
Figure 3. The average proportion of the quadratic discrepancies among the predicted and observed values isdcalbelat
following defines the RMSE. RMSE is susceptible to large mistakes and offers an estimate of the total fault extent. The
reduced RMSE implies greater precision becaluseasures thenean absolute differencamong theanticipated and actual
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Mean Absolute Error (MAE): The typical variance among projected as well as witnessed flow of traffic figures is also
measured in contrast to RMSE. MAE takes into account the unsquared relative discrepancies of anticipated and measure
results. The mean rative variance between the actual and projected values is measured by the mean absolute error. This
shows the mean number of faults and is less prone to extremes than root mean error. A smaller mean absolute error effect
suggests superior precision, mudkel the root mean error. The proportion of the discrepancy among the expected and
actual data for traffic flow is measured by the mean absolute percentage error. This defines the avg. relative percentage
variance among the results that were anticipated wasll as those that were actually recorded. While attempting to
comprehend the variation in projections in relation to thetual data, the mean absolute percentage error can be helpful. It
gives the mean variance as a proportion, making it simpler to wstded the degree of precision. However, when the
numbers seen are near 0 or contain zero values, then mean absolute percentage error might provide a difficulty since
divisions with O mistakes can occur.

In the RMSEf workingdays,the valueof the LSTMs5.96, MAHES 3.98and MAPHS 3.27 Thevalueof GRU irRMSE is
4.79, MAE is 3.37 and MAPE is 2.76. In terms of RMSE, the value of working dayBiGRA® 4.05, MAE is 2.66 and the
value of MAPE is 1.62, as shown in Figure 4.

For the RMSE of weekendbe value of the LSTM is 5.39, MAE is 3.87 and MAPE is 3.76. The value of GRU in RMSE
4.12, MAE is 3.13 and MAPE is 2.72. In terms of RMSE, the value of the weekeneBiGRBGs 3.99, MAE is 2.96 and the
value of MAPE is 2.44, as shown in Figure 5.
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Figure4 Comparisorof traffic flow onworkingdays.

Figure5 Comparisorof traffic flow on weekenddays.

5. Conclusion

In the present paper, we offer a novel repté@t optimized bidirectional gated recurrent unit (RABIGRUJechnique
for predicting vehiclanovement. TheRAO combines thant colony optimization (ACO) and reptilearch optimization (RSO)
methodologies. The efficiency of the-BRU framework is enhanced by superior feature selection utilizing the RAO. The
PEMSystemdata used in thestudy were obtained fronan observation station on Interstate 5 froltay 1 to June30, 2014,
totaling 17568 observations over a median of 61 days.

In the proposed method, the MAP, MAPE, RMSE, working day and weekend day analysesl aaed the proposed
method of RAGBIGRWshows a betteresult. Peoplemight get discomfort about thewhereabouts alongvith private details
beinggatheredand utilized for predictionmayhaveconcernsabout gatheringand analyzinghe sort of data. The opportunity
to use artificial intelligence (Al) vehicle traffic flow prediction to alter transportation networks, improve productgsgr
traffic jams, improve protection, and enable environmentally friendly and intelligent towns is enormous.
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