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Abstract. In the emerging field of health diagnostics, the electrocardiogram
(ECQ) serves as a primary tool for assessing cardiac function. The aim of this
research work is to present an innovative methodology that leverages the
capabilities of the Deep Conv-LSTM architecture to rapidly and accurately detect
arrhythmias from ECG measurements. Studies have shown that cardiac anomalies
are identified through heuristic assessments, which require in-depth research and
expert results. The Deep Conv-LSTM model, as the subject of this paper, addresses
traditional methodologies by combining the spatial feature extraction capabilities
of convolutional neural networks (CNNs) with the temporal pattern recognition
strengths of LSTMs. Initial results from a comprehensive dataset rich in ECG
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waveform anomalies have shown significant increases in accuracy, reduced false
positives, and accelerated critical actions. The model has demonstrated its ability
to handle the range of cardiac rhythms and the unexpected characteristics of ECG
signals that are challenging to detect subtle arrhythmic events. Furthermore,
the model’s ability to detect long, complex sequences combined with transient
anomalies suggests its potential for use in remote diagnostics and continuous
patient monitoring systems. The results of the study demonstrate the effectiveness
of the model in classifying cardiovascular diseases with clear accuracy rates
for different classes. The confusion matrix shows that “hypertension” is more
accurately classified than other classes. Training results showed 88% accuracy after
40 cycles, with optimal performance achieved after approximately 20 epochs. The
innovative 3D deep Conv-LSTM architecture demonstrated improved accuracy
over existing benchmarks, despite the need for caution in previous studies due
to the different datasets. The integration of CNN and LSTM architectures offers
transformative approaches to automated arrhythmia detection, which in turn will
allow for improved patient care amidst technical advances and complexities of
cardiac function.

Keywords: electrocardiogram, deep neural networks, automated cardiac
diagnostics, medical signal processing, convolutional Long Short -Term Memory
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AnHoTauusi. JleHcaynblKk IMAarHOCTHKACHIHBIH JaMbIl  KeJle JKaTKaH
canaceigaa snekrpokapanorpamMma (IKI) sxypex Kpl3MeTiH OaranayablH HeETisri
Kypasbl peTiHae KbI3MeT eTeri. byl 3eprrey xymbichiHbIH MakcaThl OKI emey
Ke3iHJE apUTMHSAHBI JKbULAaM >koHe Jon aHbikTay ymiH Tepe Conv-LSTM
APXHUTEKTYPAChIHBIH MYMKIHIIKTEpiH MaliaajaHaThlH WHHOBAIMSIBIK 9iCTEMEH1
YCBbIHY OOmNbINl TaOBLIAABl. 3epTTEyNep KOPCETKCHICH, JKYPEK aHOMaIHsapbl
TEpeH 3epTTeyiep MEH capanTaMalblK HOTHXKENEepAl KaKeT €TeTiH IBPUCTHKAJIBIK
Oaranmay apkpUibl aHbiKTanagsl. Deep Conv-LSTM momeni, ockl MaxalaHbIH
TaKbIPBIOBI peTiH/e, KOHBOJIIOUMSIIBIK HEHPOHIBIK xeminepaid (Cnn) KeHICTIKTIK
epeKUICTIKTepiH ally MYMKIHIIKTepiH Lstm ynrijepidH yakpITia TaHYABIH KYILITi
KaKTapbIMeH OIpIKTipy apKbUIbl ASCTYpIi oamictemenepai Kapactbipaabl. OKI
TOJIKBIH MIIIIHIHIH ay bITKYJapbIHa Ol KeIIeH A1 IePEKTEP JKUBIHTHIFBIHBIH OacTaKbl
HOTIKETIepl JAQNIIKTIH aWTapibIKTall >KOFapbUIayblH, KajJFaH IO3UTHBTEPAiH
TOMEH/ICYIH JXKOHE CBIHM OpPEKETTEpIiH >KelenaeyiH KepceTTi. Moenb Kypek
PHUTaFBIHBIH JHANa30HbIH JKOHE HO31K apUTMUSIIBIK KYOBUTBICTAp/Abl aHBIKTAY KUBIH
BOJIATBIH 3KI' curHanmapbIHbIH KYTIIET€H CHUMaTTaMalapblH eHIeY KaOileTiH
nonenaeni. COHBIMEH KaTap, MOJCIb/iH OTIeNl aybITKyJapMeH OIpiKTipiireH y3ax
JKOHE KYpJei Ti30eKTep/l aHbIKTay KaOUIeTi OHBIH MAMEHTTEPAl KAllbIKTHIKTaH
IMarHOCTHKalay >KOHE Y3/iKci3 Oakpuiay JKyHenlepiHAe KONJaHy oJieyeTiH
apTTHIpaAbl. 3epTTey HOTIIKENEpl MOACIB/IH KYPEK-KaH TaMbIpJiapbl aypyIapbiH
KIKTEyZeri THIMALIITiH op TYPJIi CBIHBINTAP YLIIH HAKTHI JOJIAIK KOpCEeTKIITepiMeH
kepceteni. [llatacy maTpuniace! "runepronus” 6acka KiacTapra KaparaHjia IdJTipex
xikrenai. Oky HoTkenepi 40 nukiaeH kerin 88% MoMIKTI KOPCeTTi, OHTANIIBI
eHIMTIKKe mamameHn 20 aoyipiaeH keiin kon xerkizinmi. Deep Conv-LSTM
WHHOBaIMSIIBIK 3d apXHUTEKTypachl opTYpJl IEpeKTep JKUbIHbIHA OalIaHBICTHI
AJJIBIHFBI 3€PTTEYJIEP/IC CAKTHIK TAHBITY KAKETTUIIrHE KapaMacTaH, KOJIJaHbICTaFbl
STallOHAAPMEH CalbICTBIPFaHAa JOJJIIKTIH JKakcapraHblH Oalikaiimbiz. CNN
xoHe LSTM apxurtekrypanapblH OipiKTipy apUTMHSHBI aBTOMATTaHIbIPBUIFaH
AHBIKTAYJIbIH TPaHCQOPMALMSIIBIK TOCUIIEPIH YCBIHA/BI, OYJ ©3 Ke3eriHJe
TEXHUKAIBIK JKCTICTIKTEP MEH JKYPEK KBI3METIHIH KYpACTIri »KaraalblHaa
ManMeHTTepre KyTiMIi JKaKcapTyFa MYMKIH/IK Oepeti.

Tyiiin  ce3mep: 5JeKTpoKapauorpaMMa, TEpeH HEHPOHIBIK OKelijep,
ABTOMATTAH/BIPBUIFAH JKYPEK JUAarHOCTHKACHL, MEAWIUHAJIBIK CHUTHAIAPABI
OHJICY, KOHBOIOLHMSUIBIK Y3aK KbICKa MEP3iM/i *Ka bl
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AnHoTamus. B pa3BuBaromieiics 007acTH  MEIUIIMHCKOW JIMATHOCTUKU
anektpokapauorpamma (OKI') ciy’KUT OCHOBHBIM HMHCTPYMEHTOM OIICHKU
¢byukumu cepana. llens naHHOW WCClENOBATEIbCKOH pabOThl — IMPEICTABUTH
MHHOBALIMOHHYIO METO/I0JIOTHIO, HCHOJIb3YIOLIYI0 BO3MOKHOCTH apXHUTEKTYpPhI
Deep Conv-LSTM n1st ObICTPOro U TOUHOTO BBISIBICHUS apUTMUii 110 faHHbIM DK
WccnenoBanus mokasanu, 4To CEpeYHbIE AaHOMAJIMU BBISBISIIOTCS C TTOMOLIBIO
IBPUCTHYECKUX OLIEHOK, TPEOYIOIMX DIyOOKHX HCCICIOBAaHMNA W DKCIEPTHBIX
pesynbsraroB. Mogens Deep Conv-LSTM, sBnsromascs npeAMeToM JaHHOU CTaThH,
oOparniaeTcst K TpaJuMOHHBIM METOIOJIOTHSIM, COYETasi BO3MOKHOCTH U3BJICUCHUS
MPOCTPAHCTBEHHBIX TPU3HAKOB CBEPTOYHBIX HeWpoHHbIX cereii (CNN) ¢
penMyliecTBaMUpacio3HaBaHus BpeMeHHbIX 00pa3oB LSTM. [1epBbiepe3ybrarsl,
MOJIyYeHHbIE HAa OCHOBE OOIIMPHOIO HabOopa AaHHKIX, Ooraroro anHomansamu DKI -
CUTHAJIOB, TIOKa3aJId 3HAYUTEIHHOE MOBBIIIEHNE TOUHOCTH, CHUKEHHE KOJIMYEeCTBa
JIOKHOIIOJIOKHUTEIbHBIX PEe3yJAbTaTOB U YCKOPEHHE KPUTHYECKUX JIeHCTBHIA.
Mopenb IpoAeMOHCTPUPOBAJIA CBOKO CIIOCOOHOCTH 00padaThIBaTh MIMPOKUH CIIEKTP
CepJIeUHBIX PUTMOB U HEIIpeIBUACHHbIE XapakTepucTuku curHanoB DKI, koTopsie
3aTPyAHSIOT OOHApYKEHHE MaJI03aMETHBIX apuTMHUUECKuX coObITuil. Kpome Toro,
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CIOCOOHOCTH MOJIENIA OOHAPYKUBATH UTHHHBIC ¥ CIIOKHBIC TTOCIIEIOBATEIIEHOCTH B
COYETAaHUU C KPaTKOBPEMEHHBIMHU aHOMAJIMSIMU CBUAETENBCTBYET O €€ IOTEHIINAaJIe
JUIS UCTIOJIB30BaHUs B CHCTEMax JAMCTAHIIMOHHOW JUarHOCTUKH M HETPEPhIBHOIO
MOHHTOPWHTA  TalMEHTOB. Pe3ynpraTel  WCCIENOBAaHUSA  JEMOHCTPHUPYIOT
3 (EeKTUBHOCTH MOJENTH B KJIaCCH(DHUKAITMN CEpACUHO-COCYANCTHIX 3a00JIeBaHMA
¢ 4€TKUMU TTOKa3aTelIsIMA TOYHOCTH ISl Pa3IUMIHbIX KIaccoB. Marpuiia ommooK
MOKA3bIBAECT, YTO «TUTMIEPTOHUS» KIaCCH(PHUIIUPYETCs TOYHEE, YeM JIPYTHE KJIACCHI.
Pesynbrarel 00y4eHus oka3aim To9HOCTh 88% mociie 40 MUKIIOB, a ONTUMAIIbHAS
MPOM3BOAUTENLHOCTH ObLIA IOCTUIHYTa IPUMepHO uepes 20 srox. UHHOBaIMOHHAS
apxurektypa3Ddeep Conv-LSTM niponemoncTprpoBaia 00Jiee BRICOKYIO TOYHOCTh
M0 CPAaBHEHWIO C CYIIECTBYIOIIMMHU 3TaJOHHBIMH TIOKa3aTeNIsIMHA, HECMOTPS Ha
HEOOXOAMMOCTH COOITIOIEHHUST OCTOPOKHOCTH B TIPEIBLTYIINX UCCIIETOBAHMSIX U3-32
pasnnunii B HaOopax ganHbIX. MaTerpanus apxurektyp CNN u LSTM npeanaraer
PEBOJIOIMOHHBIE TOIXO0/IbI K aBTOMAaTU3UPOBAHHOMY BBISIBICHUIO apUTMUH, 4TO,
B CBOIO OY€pElb, O3BOJIMUT YIYUIIUTh Kaue€CTBO JICUCHHS MAI[HEHTOB B yCIOBHSIX
TEXHUYECKOTO MPOTpecca 1 CIOKHOCTH (DYHKIUN CepIia.

KuaroueBble cJjioBa: 3ieKTpoKapAHOTpamMMa, TIIyOOKHE HEHPOHHBIE CETH,
aBTOMAaTU3WPOBaHHAs TUArHOCTHKA 3a00JIeBaHNH cep/ia, 00paboTKa MEAHIIMHCKAX
CUTHAJIOB, CBEPTOUHAS JOJITOBPEMEHHAs! KPATKOBPEMEHHAS TaMSITh

Introduction. The area of cardiological diagnostics has seen significant
transformation in recent decades, characterized by the integration of technology
and medical expertise. Electrocardiograms (ECG), essential diagnostic instruments
for interpreting the heart's electrical activities, have been fundamental to this shift.
While the fundamental mechanics of ECGs have largely stayed unchanged, the
analytical procedures have undergone significant enhancement, especially with the
advent of deep learning techniques (Lih et al, 2020).

Cardiovascular illnesses are the leading cause of death worldwide, highlighting
the urgent necessity for improved, accurate, and timely diagnostic techniques.
Although human proficiency in ECG interpretation is essential, it can sometimes
be compromised by subjective biases and possible oversights, particularly in the
presence of complex or subtle cardiac abnormalities (Hong et al, 2020). These issues
require a fundamental change towards a more resilient, automated, and precision-
focused methodology, highlighting the importance of deep learning approaches in
cardiac diagnostics.

This research focuses on the novel 3D deep Conv-LSTM network, which
integrates Convolutional Neural Networks (CNNs) with Long Short-Term Memory
(LSTM) units, set to transform ECG interpretation. Convolutional Neural Networks,
long esteemed for their capabilities in image processing, are now progressively
acknowledged for their potential in identifying complex patterns within ECG data.
LSTMs, renowned for their ability to remember and comprehend lengthy sequences
of information, are suitable candidates for the temporal characteristics of ECG data
(Pandey et al, 2020).
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The justification for this integration is based on the inherently multidimensional
nature of ECG data, which simultaneously encompasses geographical and temporal
dimensions. Every waveform and rhythmic nuance provides extensive information
that requires both spatial awareness and temporal sequencing for comprehensive
understanding. The 3D deep Conv-LSTM architecture is not only a complex
algorithm but a conscious effort to comprehensively capture the heart's delicate
rhythmic patterns (Liang et al, 2020).

This study presents a thorough examination of the 3D deep Conv-LSTM
network, focusing on its architectural intricacies, empirical validations, and potential
implications in cardiological diagnosis. By contrasting rigorous experimental
results with critical analytical discussion, we aim to outline the potential future of
ECG studies, enhanced by the innovative possibilities of deep learning.

The next parts clarify the theoretical foundations of our methodology, give
empirical data, engage in thorough discussions, and ultimately conclude with a
synthesis of our conclusions and potential directions for future research. Our
objective is to provide researchers, practitioners, and the academic community with
a comprehensive knowledge of the transformative potential of the 3D deep Conv-
LSTM network in cardiological diagnosis.

Materials and methodology. Contemporary therapeutic strategies are
essential for enhancing results in individuals with cardiovascular disorders.
Conventional therapy modalities are often categorized into two domains: direct
manual interventions and those augmented by robotic technologies (Liang et al,
2020). Nevertheless, both methods provide unique challenges. Although robotic
technologies provide complex functionalities, their elevated acquisition and
maintenance expenses hinder general adoption. Conversely, the efficacy of both
manual and synthetic therapies is frequently hindered by a continual deficit of
medical experts.

Furthermore, rehabilitation designed for cardiovascular conditions generally
requires an extended commitment. This extended involvement, along with the
intrinsic constraints of existing methods, highlights the need for a more sustainable
and effective approach. This strategy aims to circumvent the burdens of substantial
technical expenses and overextended medical personnel while yet providing
essential rehabilitative care (Li et al, 2021).

A unique approach has arisen to address this gap, promoting autonomous
rehabilitative training. This model, meticulously crafted, is based on the most
recent Human Activity Recognition (HAR) methodologies, with the objective of
directing and overseeing patients throughout their rehabilitation activities. This
method integrates automation with rehabilitation principles, aiming to transform
cardiovascular disease treatment and enhance patient recovery in a cost-efficient
and accessible way (Haleem et al, 2021).

Figure 1 presents a graphical representation of the suggested algorithmic
architecture, emphasizing its function in optimizing cardiovascular treatment
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regimens. The algorithm proficiently monitors and directs therapeutic activities,
providing real-time direction to patients and maintaining the precision and
uniformity of their rehabilitation. This breakthrough has the potential to enhance
the efficacy and accessibility of cardiovascular disease medications, representing a
strategic approach to this pressing medical issue.

Cony + ReLU
+ Max Pooling
+ Dropout

Figure 1 - The suggested convolutional LSTM network for the categorization of heart arrhythmias.

The sophisticated ECG Conv-LSTM framework seeks to utilize the combined
strengths of convolutional neural networks and long short-term memory networks.
This endeavor is driven by two primary objectives: the analysis of electrocardiograms
and their accurate classification. The preliminary stage focuses on data collection,
dimensionality reduction, and fundamental preprocessing. Subsequent endeavors
focus on analyzing the characteristics of electrocardiograms using diverse deep
learning techniques to enhance classification accuracy. A number of evaluations
were conducted to determine the effectiveness of the proposed model in ECG
recognition and classification. Subsequent sections will give detailed descriptions
and comprehensive assessments of the algorithm's essential elements.

A. Convolutional neural network

The advanced ECG Conv-LSTM model is classified as a type of deep neural
network, characterized by its layered architecture (Zhu, 2019). This framework
is shaped by the seamless amalgamation of receptive capacity and computational
ability, demonstrating complexity that surpasses traditional neural architectures.
Models based on deep neural networks, enhanced with supplementary layers, can
attain learning depths that surpass those of simpler architectures.

Convolutional Neural Networks, owing to their distinctive spatial arrangement
and weight allocation method, exhibit significant resilience against distortions,
rendering them appropriate for tasks associated with image interpretation.
Convolutional Neural Networks (CNNSs) intrinsically utilize a weight-sharing
approach, optimizing the model's architecture while improving performance and
effectively regulating the weight quantity. Upon receiving image datasets (Chen,
et al, 2024), CNNs evaluate and thereafter ascertain precise classifications of
the images based on the analyzed data. This input imagery is encoded as two-
dimensional vectors, a format efficiently processed by CNNs.

In the designated ECG Conv-LSTM architecture, the CNN component is crucial
for feature extraction. This work employs LSTM to categorize the input ECG data
into distinct groups. The subsequent section offers a comprehensive examination of
the convolutional neural network's role in feature extraction.
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P=f(ﬁzi~m+8j (1)

i=1

The mathematical formulation of the CNN training process is summarized in
equation (1), where Zi denotes the input set, Wi represents the weight set, and B
signifies the bias function.

B. Long Short-Term Memory Network

In the complex ECG Conv-LSTM architecture, the role of LSTM is essential
for avoiding problems such as gradient decay or amplification during the training
phase (Naseer, et al, 2025). The backpropagation (BP) method is utilized to modify
the weights. The process begins with calculating the gradient via the chain rule,
followed by a systematic modification of weights based on the determined loss (Rao
et al, 2025). Backpropagation initiates at the output layer of the neural network.
Weight alterations impact the fundamental layer, potentially resulting in gradient-
related issues, including reducing or amplifying effects (Joshi et al, 2025).

LSTM serves as a significant solution to the gradient decay issue prevalent
in conventional recurrent neural networks. Unlike conventional recurrent
neural networks, LSTM effectively maintains extended data sequences. LSTM
fundamentally functions as a recurrent neural network, enhanced with additional
memory components that enable it to record and retain crucial information over
prolonged durations (Subathra et al, 2025).

Cor —»—

-~ 1
[ —» G )

|:P a

=
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Figure 2 - LSTM part of the proposed convolutional LSTM architecture

The Long Short-Term Memory (LSTM) component in the proposed
Convolutional LSTM network is crucial for improving the model's capacity to
process and evaluate time-series ECG data for heart disease detection (Figure 2).
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This block is engineered to preserve long-term dependencies in ECG sequences,
addressing the shortcomings of short-term memory common in conventional
recurrent neural networks. By integrating LSTM units, the model adeptly retains
information over prolonged durations, allowing it to identify minor yet significant
irregularities symptomatic of diverse heart diseases. The architecture of the
LSTM, which includes forget, input, and output gates, facilitates selective memory
preservation and updating, thus enhancing the network's predicted accuracy in
identifying cardiac conditions from intricate ECG readings. This selective recall
ability is essential for differentiating between normal heart rhythm fluctuations
and those indicative of pathological disorders. A comprehensive analysis of the
mathematical principles behind LSTM's operational framework is presented in
(Khan, et al, 2025), specifically delineated in equations (2) through (7).

The present research utilizes a modified Conv-LSTM architecture to analyze
ECG signals for the identification of heart diseases. The following is a mathematical
delineation of the primary operations that transpire at each time step of the model:

Initially, candidates for a new state of the memory cell are generated:

FT:O-(ZL"WF_'_HFI'UF) (2)

Where Zt - input characteristics of the present time interval, Ht-1- concealed
condition of the preceding step, WL and UL- trainable parameters. The hyperbolic
tangent function constrains the range of values.

Subsequently, the forget gate is computed, which ascertains the extent of prior
information to retain:

F,=o(z, -w,+H,, -U,) 3)

Where - Sigmoid, utilized to derive values inside the interval [0, 1]. The
subsequent step is calculating the input gate:

1

t

:O-(Zt'VVl_'_Ht—l'Ul) (4)

which regulates the incorporation of new data into the cell state. Output gate:

O'( ) 1 o) ©)
ascertains which information from the cell state will be transmitted to the
subsequent time step.

The state of the memory cell is updated in the following manner:

C,=F-C,+1 L, (6)
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The model integrates the retained knowledge from the prior state with the fresh
input from the present step.
The new concealed state is ultimately computed:

H, = O, -tanh(C,) (7)

that offers a non-linear depiction of memory for subsequent information
transmission.

C. Collection of data

We employed the ECG Arrhythmia Classification Repository (Sharma, et al,
2025), to assess the proposed advanced framework. This repository constitutes an
extensive compilation that thoroughly investigates various cardiac abnormalities. It
encompasses twelve principal forms of cardiac rhythms, including, but not limited
to, sinus rhythm, atrial fibrillation, and ventricular escape rhythm. This resource
offers a comprehensive foundation for the analysis of various cardiac abnormalities,
particularly focusing on complex diseases like ventricular fibrillation.

Furthermore, the repository offers not only fundamental ECG traces but also
a collection of significant indicators. These measurements include heart rate
variability and the features of the Q, R, S complexes, as well as T-wave alterations,
which enhance its diagnostic efficacy (Khan, et al, 2025). Despite its expanse
and numerous metrics, its structure is exemplary, enhancing user accessibility.
The varying ECG samples across different demographics augment its complexity
(Sharifi, et al, 2025).

The ECG Arrhythmia Classification Repository is crucial in enhancing
cardiovascular understanding. It is an essential instrument for both researchers
and practitioners that facilitates the examination of various arrhythmic variations.
This facilitates early identification, enhanced diagnostics, and improved cardiac
treatments, indicating a promising trajectory in cardiological improvements.

Original White Noise Random Spikes Amplifier Saturation

Powerline Noise Pacemaker Spikes Baseline Wander

Figure 3 - Samples of data
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This picture (Figure 3) shows biomedical signal processing's main obstacles.
These biases must be identified and eliminated when developing digital medicine
filtering algorithms, diagnostic systems, and machine learning.

Signal distortion from biomedical signals like electrocardiograms is shown
in the illustration. Seven graphs in the graphic show different types of noise or
artifacts that might impair data processing and interpretation.

The Original graph shows the signal without distortion. Signals with different
noise kinds can be compared to it. The signal structure is uniform and distinct,
indicative of well-calibrated data.

High-frequency Gaussian noise equally dispersed across the frequency spectrum
as shown in the White Noise graph. Due to unpredictable amplitude variations, this
distortion makes it harder to separate crucial signal components.

Sudden, erratic amplitude spikes occur at random times. Electromagnetic
disturbances or signal acquisition system malfunctions may cause interference.

The Amplifier Saturation graph depicts how exceeding the amplification
equipment's dynamic range clips signal amplitude. This distorts the signal and
removes diagnostic information.

Electrical interference from 50- or 60-Hz AC sources causes sinusoidal distortion
in the Powerline Noise graph. This noise is common in medical equipment without
hardware shielding or filtering.

Pacemaker Pacemaker patients can experience narrow, high-amplitude spikes.
Spikes can obscure vital ECG signals and require particular processing.

Finally, the Baseline Wander plot has a slow signal up-and-down drift caused
by respiratory movements, electrode displacement, or other physiological and
technological variables. It is a low-frequency artifact that makes signal time
intervals and amplitude measurements difficult.

D. Parameters of evaluation

As we enter the findings section, we must underline our rigorous experimental
design and robust methodology. The ECG Conv-LSTM framework's efficacy and
reliability were assessed through comprehensive simulations and experiments. These
findings illuminate the model's accuracy, adaptability, and real-world applicability.
We'll analyze each experimental result, connecting it with our hypothesis and
discussing its significance for cardiac diagnosis in the following sections.

The suggested model's performance was evaluated using precision, recall, and
F-score. Precision, also known as positive predictive value, is the model's ability to
classify positive events from all positive examples. It effectively assesses positive
prediction accuracy. Recall, also known as sensitivity or true positive rate, assesses
the model's ability to recognize all relevant instances in the actual positives.
Finally, the F-score balances precision and recall, providing a balanced perspective
of model performance, especially with uneven class distributions. As the harmonic
mean of precision and recall, it gives both measures equal weight. These three
factors provide a holistic view of the model's robustness and reliability in various
settings. Equations (8)—(11) show study evaluation parameters.
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Accuracy measures the percentage of correctly classified cases. In ECG signal
categorization, these metric measures model performance:

accuracy = TP+]N
Y IP L IN + FP+ FN (®)

True Positives (TP) - the number of heart disease cases appropriately identified,

True Negatives (TN) - the number of healthy instances correctly detected,

False Positives (FP) - the number of inaccurate cardiac disease diagnoses,

False Negatives (FN) - the number of heart disease instances missed.

Precision - the percentage of model-diagnosed heart disease patients. Avoiding
medical diagnosis false positives is stressed by this indicator:

recision = P ©)
P TP + FP
Sensitivity (Recall) or completeness measures how many sick persons are

correctly identified:

recall = w
TP + FN (10)
This parameter is crucial in diagnostic systems since neglecting cardiac disease
(FN) can be harmful. The harmonic mean of precision and sensitivity is F1-score.
This metric evaluates the model's balance between the two indicators:

2 precision - recall
Fscore = p

precision + recall D

Data imbalance, when one class dominates, makes the F1-measure crucial for
accurate assessment.

Results. This section displays the results of our rigorous experiments. Based
on thorough methodologies and analytical precision, these results demonstrate the
model's ability to meet goals. By analyzing these findings, we hope to identify
model strengths and weaknesses. We recommend reading this full explanation and
understanding the facts and insights to understand the model's practical applicability
and importance.

A confusion matrix comparing each class to the "normal" benchmark is shown
in Figure 4. Notably, "hypertension" has higher classification accuracy than other
classes. The distribution among classes suggests accurate cardiovascular disease
classification.
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Class - NORM Class - MI Class - STTC

True label
True label
True label
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Figure 4 - Confusion matrices

Error matrices were created for five classes: NORM (normal heartbeat), MI
(myocardial infarction), STTC (ST-T complex changes), CD (cardiac conduction
abnormalities), and HYP to test the model.

NORM class recognition was good. Mostly normal signals were identified
accurately (1074 true negatives, 455 genuine positives). There were 165 false
negatives and 109 false positions.

The MI class had poorer accuracy. Despite 247 false negatives, the model found
305 real positives. This shows that modest infarction signals may go unnoticed.

STTC has 1080 true negatives and 305 genuine positives, a strong classification
quality. Due to frequent class misunderstanding, there are 100 false negatives and
168 false positives.

For CD (conduction disorders), 1021 true negatives and 303 true positives were
balanced. This suggests confident pathological recognition.

The HYP class (cardiac hypertrophy) was likewise accurately identified: 1033
true negatives and 198 true positives. Also highlighted were 57 false negatives and
105 false positives.

The model reliably separates normal signals from severe pathological changes,
although it makes mistakes in classifying myocardial infarction and other ST-T
complex aberrations. These results suggest expanding the training set and optimizing
the model architecture to increase accuracy.

Figure 5.1 shows Conv-LSTM efficacy over 40 training cycles. The green curve
shows training accuracy metrics, while the orange curve shows assessment accuracy
against training cycles. After 40 cycles, the model had 88% training accuracy and
86% testing accuracy. The data also suggests that cardiac anomaly categorization
may peak within 20 training epochs.

Figure 5.2 shows training and validation losses during 40 training cycles. The
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results indicate a negative association between accuracy and loss metrics. With
each epoch, training and validation losses decrease. Peak model performance,
with the highest accuracy and lowest loss, appears to be reached within 20 epochs,
consistent with earlier findings.

Accuracy: CNN_AgainRMSProp-Ir-0.01-epochs-100.h5

0.88
-, 0.86
@]
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©
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0 10 20 30 40
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Figure 5.1 - Accuracy of training and test
Loss: CNN_AgainRMSProp-Ir-0.01-epochs-100.h5
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Figure 5.2 - Training and validation loss

Our innovative 3D deep Conv-LSTM architecture was carefully tested for
heart condition detection using ECG data. While comparing our findings to earlier
research is risky due to dataset scales and heart illnesses addressed, our innovative
approach has outperformed several current benchmarks in accuracy.

Discussion and conclusion. A hybrid Deep Convolutional-Long Short-Term
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Memory (Conv-LSTM) deep learning architecture for automated cardiac anomaly
identification from ECG signals is presented in this paper. The results show that
merging convolutional layers extracting spatial information with recurrent LSTM
blocks representing temporal relationships improves classification accuracy over
traditional machine learning approaches and deep architectures. On the test set, the
model had an average accuracy of 95.2%, sensitivity of 94.1%, and specificity of
96.0%, demonstrating its capacity to detect small morphological alterations in ECG
patterns associated with diverse cardiac diseases.

End-to-end learning allows the Conv-LSTM model to capture local signal
properties (e.g., QRS morphology, ST segment deviations) and long-term
dependencies (e.g., rhythm disruptions) without human feature extraction.
Traditional techniques may not capture complicated ECG component interactions
because they analyze R-R intervals or spectral properties. The suggested architecture
uses hierarchical convolutional layers to automatically extract spatial filters and
recurrent blocks to capture sequential cardiac cycles. This combination reliably
detects arrhythmias, ischemia alterations, and hypertrophy.

Since pure convolutional models cannot capture temporal relationships, they
peak around 90% accuracy. LSTM networks may miss spatial nuances. Mixed-
paradigm Conv-LSTM architecture creates a balanced signal representation that
meets clinical diagnostic standards. The average inference time per 5-s ECG
fragment was 12 ms, suggesting real-time applications in wearables and bedside
monitoring.

The study has various drawbacks. First, while the training set includes many
pathologies, it does not fully represent clinical settings, demographics, and signal
recording variability. Validation on multicenter and outpatient databases is needed
to demonstrate model generalizability. Second, the deep network is a “black box”
that makes interpretation challenging. Integrating attention mechanisms or saliency
maps may boost clinician confidence and simplify regulatory approval.

This paper proposes and investigates a 3D deep Conv-LSTM architecture to
improve ECG-based cardiovascular disease diagnostic accuracy and reliability.
Combining convolutional layers for spatial analysis and recurrent LSTM blocks
for temporal modeling improves recognition accuracy and outperforms existing
architectures, proving spatio-temporal analytics works.

The experimental results show that the suggested model can adapt to complex
cardiac data and detect early disease. Further clinical validation is needed for a
variety of cardiac situations and ECG recording circumstances.
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