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Abstract—Heart disease is one of the factors of health problems 

in the world. The purpose of the paper is to reduce the increase in 

heart disease in patients by showing the number of patient 

histories through Obesity, Diabetes, Cholesterol, Hypertension 

blood pressure and others involving a number of students at a 

senior high school. This heart disease must be treated as soon as 

possible, therefore we found an intelligent device designed to find 

heart abnormalities with unexpected results reaching a high 

accuracy of 94.4% by utilizing the Naive Bayes Classifier Method. 

 
Index Terms— Wireless, System ECG portable, Nearest 

Neighbour Classifier, Heart failure.  

 

I. INTRODUCTION 

eart failure is a set of scientific findings attributable to   

structural and functional impairment of ventricular filling 

and ejection of blood. Coronary heart failure isn't always a part 

of a primary disorder situation, however as an alternative a 

overdue-degree complication of any other etiologic ailment.  

Coronary heart sickness may be due to diverse medical 

conditions, along with high blood pressure and myocardial 

infarction, but it could additionally be because of congenital 

abnormalities, renal problems, pulmonary issues, infections, 

autoimmune, and malignancies. Heart failure can also be 

divided into several elements primarily based on medical 

findings, anatomy and structure of the affected person's 

coronary heart, ejection fraction, and useful capability of the 

patient [1-2]. 

We analyzed 9373 (84.5%) patients from the original cohort 

of the European Society of Cardiology European Heart Rhythm 

Association EURObservational Research Programme in Atrial 

Fibrillation General Long-Term Registry (median age, 71 

[interquartile range, 62–77] years; 39.9% women). All HF 

categories were linked to a higher risk of the primary composite 

outcome when compared to those without HF the highest num- 
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bers were seen for HF with a lower ejection fraction (hazard 

ratio [HR], 2.36 [95% CI, 2.00 - 2.78]). Patients with HF and 

AF who followed the Atrial Fibrillation Better Care route (HR, 

0.65 [95% CI, 0.48 - 0.88]) and appropriate medical therapy 

(HR, 0.83 [95% CI, 0.70 - 0.98]) had a lower risk. Across the 

range of LVEF, the Atrial Fibrillation Better Care pathway had 

a consistent benefit [3]. A rigorous and planned therapy 

management pathway is one potential strategy to improve these 

patients' prognosis because of their clinical complexity [4]. In 

conjunction with the times, there are many methods to find out 

how to process current ECG alerts [5-6]. With the assist of an 

ECG device, present sensors will discover electrical pastime 

inside the coronary heart to report electric modifications within 

the heart and the effects can be proven via a graph [7]. Elements 

inflicting coronary heart failure consist of smoking, 

immoderate salt intake, weight problems, pressure and others 

[8]. There are three elements that can't be avoided with the aid 

of human beings, specifically heredity, circle of relatives 

history and age factors, which are most commonly located in 

cases of coronary heart disorder failure apart from high blood 

pressure, the causes of coronary heart failure which are often 

located are coronary heart muscle abnormalities, 

atherosclerosis and irritation of the myocardium [9]. In the 

study of heart disease, data collection techniques are critical 

because they can help doctors make better treatment decisions 

[10]. The main goal of the Phase Algorithm is to use the training 

database to predict focused phases. [11]. Improvised k-means 

and Naive Bayes algorithms were used. Based on the results, 

the advanced k-means algorithm has higher accuracy compared 

to simple k-means (which does not yet determine clusters) [12].  

Post-return of spontaneous circulation (ROSC) ECG has an 

unclear role in accurately detecting myocardial ischemia and 

guiding the urgency of coronary angiography, especially in the 

absence of ST-elevation, left bundle branch block (LBBB), or 

life-threatening ventricular arrhythmias. Nonspecific ECG 

alterations are frequently observed in newly resuscitated out-of-

hospital cardiac arrest (OHCA) patients. Most of the current 

evidence relies on retrospective studies, registry data, and 

observational research involving patients selected for coronary 

angiography based on ECG findings [13–15]. Consequently, 

the universal benefit of referring all OHCA patients for 

immediate coronary angiography (ICA) remains debatable and 

uncertain [16]. Several challenges impact this debate, including 

delays in delivering optimal care, logistical barriers for 
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hospitals providing 24/7 angiography services, procedural 

effectiveness, costs, and resource allocation. To address this, 

prospective trials involving unselected OHCA patients are 

essential to determine whether ICA should routinely follow 

ROSC, irrespective of ECG findings. Unfortunately, the 

majority of OHCA patients succumb either to post-cardiac 

arrest syndrome or fail to achieve ROSC [17]. 

Additionally, most current ECG devices are expensive, 

predominantly imported, and often limited to large hospitals, 

reducing accessibility and mobility [18]. To address these 

limitations, advancements such as fusion techniques, including 

Thermodynamic Energy Remodel Analysis (TERMA) and 

Fractional Fourier Transform (FFT), have been proposed to 

enhance ECG signal interpretation [19]. Furthermore, 

automatic diagnostic technologies hold promises for early 

detection of potential heart failure, optimizing the diagnostic 

process, and reducing mortality risk in patients with life-

threatening cardiac conditions [20]. Maximum of the 

contemporary ECG devices are imported merchandise and have 

very luxurious costs. further, using ECG gadgets is impractical 

because they're much less mobile and are commonly simplest 

owned by means of huge hospitals [18] the use of fusion in 

focusing most Thermodynamic power remodel (TERMA) and 

Fractional Fourier rework (FFT) to conquer the trouble of 

studying alerts from electrocardiograms [19]. Automatic 

prognosis technology has the potential to locate viable coronary 

heart failure early, optimize the diagnosis technique, and 

decrease the mortality hazard of victims of this malignant 

disorder [20].  

A complete AI-enabled electrocardiogram interpretation 

program, Salat, can help in diagnosing various scientific 

conditions, inclusive of arrhythmias, conduction problems and 

ventricular function, with high diploma and certification [21]. 

Many attempts were made to create an electrocardiogram 

tracking tool that does not require wires for the patient being 

evaluated. up to now, it has not been available for buy. in 

addition, there are many other troubles that could in all 

likelihood be advanced, consisting of a way to make certain the 

best of carrier required for lifestyles-critical packages [22]. 

Sensitivity of electronic gadgets, electrode touch, and 

movement artifacts are all elements that could motive the 

electrocardiogram signal to be disturbed during the recording 

method [23-25]. To get rid of those indicators, a clear out set of 

rules with a sure reduce-off frequency layout is needed so that 

to extract the preferred sign traits, the Normalized Least mean 

square (NLMS) algorithm is used to reduce noise within the 

recorded electrocardiogram signal [26].  

This study makes use of the closest Neighbor Classifier 

method, the consequences of this take a look at can provide 

answers and widespread contributions within the improvement 

of diagnostic technology that can be used outside the traditional 

scientific environment and develop an expertise of using KNN 

inside the context of figuring out a person's heart. On this 

industrial revolution, production automation increasingly more 

depended on product customization via distinctly bendy mass 

production, which used instead wise machines that would adapt 

to product adjustments and surprising occasions at the same 

time as maintaining extraordinarily efficient production cycles 

[27]. Industry 4.0 is a term used to describe the aggressive 

method version carried out via Union industry closer to other 

international markets. Large data analytics and information and 

communications technology (ICT) are crucial additives of this 

model [28]. 

 Sensible production systems are described as “absolutely 

included and collaborative production structures that reply in 

actual-time to meet changing demand and conditions in 

factories and supply networks and meet a ramification of 

consumer desires.” Commercial utility intelligence, along with 

progressive design, clever machining, efficient monitoring, 

intelligent manipulate, and intelligent scheduling, is the 

principle source of information collection and analysis in I4.0 

[29]. This examine shows that this technique may be used, but 

it will quickly require vast utility or outside validation on other 

12-lead electrocardiogram information sets. Any other group 

performed a comparable take a look at at the utility of CNNs to 

single-lead electrocardiograms, and determined that CNNs may 

want to outperform training cardiologists in a few diagnoses 

[30]. If low LVEF is discovered, a radical evaluation should be 

initiated to locate reversible causes that may be dealt with 

promptly to reduce the rate of permanent myocardial harm. it is 

possible to enhance high-quality of life and systolic left 

ventricular feature if clinical therapy is initiated in a timely 

manner. Additionally, it may reduce morbidity and mortality 

related to heart failure [31]. 

II. METHODOLOGY 

We performed this look at within the statistics collection 

process, substances and tools along with electrodes, facts 

cables, AD8232, ESP32, SD Card, Raspberry Pi, Bluetooth, 

and WiFi. The electrodes are connected to the challenge's chest, 

the concern's right chest is colored red, whilst the challenge's 

left chest is colored yellow, and the concern's decrease right 

chest is colored inexperienced parallel to the crimson 

coloration. We involved a number of students as sufferers in 

this study they were 26 male Subject aged among 15 and 17 

years. data turned into collected on each patient for 8 mins. This 

changed into divided into 3 categories namely sitting (±three) 

mins, strolling (±three) minutes, and strolling (±2) minutes. For 

monitoring and recording users' physiological associated status 

is vital to ensure nice of existence, environmental feasibility of 

patients and up to date information approximately their health. 

As a result, electrocardiogram-based totally wireless 

technology is usually recommended to ensure and maintain the 

safety of medical group of workers and patients [32]. 

Fig 1. suggests an overview of the wi-fi electrocardiogram 

scientific device. The advanced device includes an android 

mobile tool, a wi-fi ECG recorder module (that can system and 

transmit ECG alerts via Bluetooth), and electrode sensors to 

degree ECG alerts. After that, an electrocardiogram monitoring 

set of rules that makes use of classifiers within the android 

cellular device will continuously reveal the coronary heart 

interest of the situation. 
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Fig. 2.Process system of electrocardiogram 

The categorized electrocardiogram indicators are dispatched 

to the cloud or immediately to the physician or circle of 

relatives if the classifier reveals an strange heartbeat. Taking 

this mechanism into account, the problem's heart situation may 

be monitored from everywhere inside the world so long as the 

challenge is within the net community. The KNN set of rules 

basically calculates the general public vote of the okay 

examples within the class putting, that's most just like the given 

"unseen" observation. Similarity is measured by means of the 

distance metric among two information points. Euclidean 

distance is the maximum famous preference [33]. With the 

subsequent formulation: 

 

𝑑(𝑥, 𝑦) = √∑ (𝑥𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔
𝑖 − 𝑦𝑡𝑒𝑠𝑡𝑖𝑛𝑔

𝑖 )2𝑛
𝑖=1         (1) 

 

  The closer and extra similar the 2 points are, the smaller the 

gap between them. If the brand-new statistics has a high 

similarity and has a minimum distance, the gap geometry is 

considered suitable. The outcomes of the geometry distance 

calculation can be used to decide the space fee between the 

schooling facts and the trying out statistics. Subsequent, the 

facts is looked after from smallest to largest, and the k fee is 

used to determine the nearest neighbor distance area boundary. 

The ok price is derived from the restrict of the amount of 

records taken based totally at the k price, and the maximum 

values are used as the prediction consequences. In addition to 

these metrics, ROC is very important for the assessment of 

classifier models because a classifier can be considered 

perfectly discriminative if all abnormal and normal populations 

fall to zero if a certain threshold is above it [34]. 

Fig. 2. Electrodes attached to the subject's chest under 

various conditions (e.g., sitting, walking, or running) will 

collect the initial signal data. The collected data will then be 

transmitted to the Raspberry Pi system via Bluetooth using 

components such as the ESP32, AD8232, SD Card, and data 

cables. The ESP32 functions as an intermediary. The system 

processes the incoming data using MATLAB, which is based 

on two primary concepts: extraction and filtration. 

Subsequently, the data is analyzed using the Nearest Bayes 

Classifier method, resulting in four categories: normal, 

abnormal, potentially arrhythmic, and highly likely arrhythmic. 

Finally, the data is either sent via the internet or transferred to a 

cloud system or database that has been developed, allowing 

access for the user. 

 

 

 

III. RESULT & DISCUSSION 

 The results of ECG signal processing demonstrate 

significant benefits in assisting medical professionals to analyze 

and monitor heart performance with an accuracy rate of 

approximately 94.4%. This study employed the Nearest 

Neighbor Classifier (NNC) method, a supervised learning 

algorithm widely used in pattern recognition and classification 

tasks. NNC works by measuring the distance between a test 

sample and all training samples, assigning the test sample to the 

class of its nearest neighbor. In this study, ECG signals were 

classified into three categories: sitting, walking, and running 

conditions. Each dataset generated unique waveforms with 

distinct features, such as amplitude and frequency variations, 

enabling effective categorization. The aggregated data from 

these three conditions were further processed to derive average 

metrics, providing comprehensive insights into the subject's 

heart condition. This approach demonstrates the potential of 

NNC in improving the accuracy and reliability of ECG-based 

heart performance analysis. 

He reality of electrocardiogram recording have to be referred 

to via docs. Its miles recommended to perform function 

extraction from the electrocardiogram without noise. For this 

reason, a in a position clear out set of rules is essential. 

Determine three indicates ECG samples from one of the 

subjects earlier than and after the clear out. If the recorded sign 

has a frequency decrease or higher than the edge, then it is 

noise. The extracted features won't have peaks which can be too 

high or smaller than they ought to be, otherwise it might be 

Fig. 1.Wireless ECG Schematic 
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noise. There can be abnormalities, or the periods are longer or 

shorter than every day. This will also be caused by noise. Keep 

in mind the appropriate threshold, but it could be too large, to 

be able to make the involvement of experts inclusive of docs 

very critical. 

 

Fig. 3. Researchers should have a solid understanding of 

electrocardiogram (ECG) theory and signal processing. This 

study involves twenty-six subjects with three experimental 

scenarios: sitting, walking, and running. All Subjects will create 

wave structures that have various features that will distinguish 

them from each other. Electrocardiogram data can show the rate 

of depolarization and repolarization of the myocardium. Health 

professional researchers use these waveforms to assess heart 

rhythm, identify possible arrhythmias, and evaluate heart 

health, as shown in (a) is the raw cardiac data recorded for three 

subjects. (b) is a sample of the PQRST wave cycle from the raw 

data magnified so that the signal is clearer (c) and (d) are 

Butterworth graphs showing the relationship between the gain 

and frequency of the Butterworth filter.  

A Butterworth filter is a type of filter designed to have a flat 

frequency response in the pass band area and a smooth roll-off 

in the stop band area. The order of its filters can be different, 

which determines the slope of the curve in the transition region. 

The higher the filter order, the steeper the slope of the curve, 

and the closer to the ideal graph filter. The value of the Q factor, 

which indicates the peak at the cut-off frequency point, is also 

affected by the filter order. The highest Q value for the 

Butterworth filter is 0.707. which does not cause the frequency 

response to change. An overview of the waveform PQRST 

feature extraction and preprocessing results is shown in (e) and 

(f). This detection finds the wave interval between cycles. This 

data is then processed and compared with the wave intervals of 

normal heart conditions to determine whether the subject has 

cardiac arrhythmia. In one cardiac cycle, the cardiac signal data 

is processed to calculate the distance between the peaks of R-

R, P-R, QRS, and QT waves. The RR and PR intervals are 

obtained from the two peaks of R; the QT interval is derived 

from T Offset to R Offset; and the ST interval is derived from 

T Offset to R Offset. 

Fig. 4. In the figure above there are colored lines which 

contain meaning in them, namely the experimental situation, 

the general information taken is converted into attention and 

visualized based on the group: sitting (blue), walking (orange), 

and walking (grey), (a) suggests the RR graph, which is the end 

result of the time among consecutive R waves, additionally 

called the R-R c programming language, which usually ranges 

among 500 and one thousand milliseconds. Then in (b) is the 

PR graph which suggests the time among the onset of the P 

wave (onset of atrial depolarization) and the onset of the QRS 

complex (onset of ventricular depolarization), that's commonly 

among 120 and 200 milliseconds. while (c) suggests 

simultaneous proper and left ventricular activation and 

contraction of the large ventricular muscle and the duration of 

QS usually ranges among 0.06 and 0,10 seconds. (d) or the QT 

graph, which shows the time taken from the begin of the Q wave 

to the cease of the T wave. this is almost the equal time because 

it takes from whilst the ventricles of the heart start to contract 

to after they eventually loosen up.  

The QT interval usually has a everyday range of much less 

than 0.44 seconds or 440 milliseconds. (e) is an ST graph 

showing the segment shift among the previous T wave and the 

actual P wave, or the preceding -TP segment. Then the 

corrected QT c programming language, which takes into 

account the patient's coronary heart rate, is proven in QTC (f) 

The QTC programming language may be calculated via 

dividing the rectangular root of the R-R c program language 

period, that's the time between two consecutive R waves at the 

electrocardiogram. The everyday variety of QTC is commonly 

much less than 440 milliseconds. 

Moreover, the challenge of input classes to the classifier with 

the KNN approach is primarily based at the visualization 

consequences proven in parent 4. The category level with 

nearest neighbors is a technique that makes use of a supervised 

algorithm in which the outcomes of recent immediately queries 

are labeled based totally on the majority of categories in KNN. 

There are four training of ordinary, normal, doubtlessly 

arrhythmic, and really doubtlessly arrhythmic in this have a 

look at. the quantity of facts tested additionally influences the 

determination of sophistication cost limitations. 

Fig. 3.(a) Graph raw data image, raw heart signal (b) Zoom sample on heart 

cycle (c) Filter Butterworth Graph (d) Zoomed Butterworth graph (e) Filter 

peak detection result (f) PQRST peak point detection 

Fig. 4. (a) Graphic RR, (b) Graphic PR, (c) Graphic QS, (d) Graphic QT, (e) 

Graphic ST, (f) Graphic QTC 
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A graph that shows the connection among numerical 

variables with points unfold throughout a cartesian aircraft is a 

scatter plot. it's far used to locate the sample, correlation, or 

unfold of statistics between the two numerical variables. 

 Fig. 5. The scatter plot between the input variables to be 

labeled is shown in the figure. This scatter plot is useful for 

assessing the relationship between numerical variables. you can 

determine whether or not there's a wonderful correlation (in 

which factors generally tend to move upwards as the X-axis 

increases), a terrible correlation (in which points have a 

tendency to move downwards as the X-axis increases), or no 

correlation at all.  

Indicates that, although now not perfect, almost all 

relationships among variables show properly clustering. The fig 

underneath shows that the unusual elegance is densely clustered 

at the lowest and unfold out at the pinnacle, while the normal 

elegance is clustered in a particular organization with a as a 

substitute even unfold, and the capability arrhythmia class 

paperwork a set with few outliers, despite the fact that this 

magnificence has potential arrhythmia, however little or no 

facts. In widespread, each class paperwork a group, that may 

help classify or divide the statistics for RR, QS, ST, and PR 

parameters. As shown in Fig five. Next, the data acquired from 

the preceding events turned into double-checked the use of a 

unique master chart and spreading approach. 

 

Fig. 6. This method makes use of critical variables, 

specifically a table with rows and two columns showing the 

quantity of real positives, true negatives, false negatives, and 

fake negatives. This allows for a more certain evaluation than 

honestly staring at the share of correct classifications 

(accuracy). If the facts set is unbalanced, i.e. while the number 

of observations in extraordinary lessons could be very 

extraordinary, the accuracy will provide deceptive 

consequences. determine 6 indicates how the MATLAB 

software program uses the confusion matrix to study the 

education and prediction data. colors are used within the 

confusion matrix to suggest authentic tremendous (TP) and 

false bad (FN). Blue TP values are higher and red FN values are 

stronger. The confusion matrix consists of 3 degrees: proper 

advantageous rate (TPR) and true bad charge (FNR), range of 

Observations, Predicate effective cost (PPV), and fake 

Discovery charge (FDR). TPR and FNR are the proportions of 

correct and incorrect observations labeled by means of the real 

class. The TPR and FNR values relate to the accuracy of the 

Records. 

To deliver express statistics, counts and possibilities had 

been used. The Wilcoxon rank-sum test was implemented for 

continuous and non-typically distributed information, while the 

student 2-sample t test changed into used for continuous and 

often dispensed variables. two tests have been used to evaluate 

separate data among organizations; Fisher's exact check 

become used when the expected wide variety of cells became 

much less than five. Left ventricular help tool implantation, 

dying, and orthotopic coronary heart transplantation are all 

censoring occasions.  

Fig. 7. A time-based receiver running function (ROC) curve 

observe using the inverse probability method turned into used 

to check the differentiating capability of the pointers' pointers 

for ICD implantation. assessment of version overall 

performance is critical. The effectiveness of various 

categorization instructions may be assessed using ROC curves. 

Fig. 5. Data Processing Output after being entered into the Scatter Plot Graph 

(Red & Blue Dot Variables) 

Fig. 6. (A) Observed number, (B) Positive Predicate value & false discovery 
rate, (C) True Positive percentage and False Negative percentage. 

Fig. 7. (a) The results of data processing using the ROC Curve graph showing 

Average Positive Data "Abnormal" (b) The results of data processing using the 

ROC Curve graph showing Average Positive Data "Normal" (c) The results of 

data processing using the ROC C 
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The connection among TPR and FPR values is seen in the 

following graph. The test presentations an AUC curve of 1.00 

and a ROC curve on the factor (0.00, 1.00). The consequences 

of processing facts using ROC curve graphs which display 

general information on potential arrhythmias and so on as in 

Fig. 7. 

IV. CONCLUSION 

In this paper, we conclude that computational 

electrocardiogram (ECG) arrhythmia detection may be very 

positive as this analysis makes prognosis greater green than 

conventional evaluation techniques. all through special tests, 

we have been able to see all of the data we des patched via 

wireless verbal exchange arrive at the laptop efficiently. The pc 

also can reflect the alerts without problems. while reading 

lengthy-term electrocardiogram indicators, this sort of detection 

could be very useful because in traditional analysis, errors as a 

result of professionals can also occur. 
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