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ABSTRACT

Cardiovascular diseases, including arrhythmia and heart failure, remain major causes of death worldwide. Cloud-based
ECG monitoring systems may face challenges related to dependence on internet connectivity and data transmission. This
study aimed to develop a prototype of a local-network-based wearable ECG monitoring system using a Raspberry Pi as a
local server without relying on public internet connectivity. A modified Research and Development (R&D) method was
applied through requirements analysis, system design, prototype development, and system evaluation. The system
integrated an AD8232 ECG sensor, an ESP8266 microcontroller, and a Raspberry Pi. ECG data were transmitted in real
time through a local Wi-Fi network using HTTP over TCP/IP and stored in a MySQL database. BPM measurements were
validated against a pulse oximeter using 10 measurements for each of six participants aged 14-87 years, resulting in 60
measurements in total. The system achieved an average accuracy of 97.75% and an average error of 2.25%. The prototype
successfully acquired and recorded raw ECG and BPM data, classified heart rate into predefined normal, bradycardia,
and tachycardia categories, and provided corresponding LED indicators. The system is intended for ECG and heart-rate
monitoring and does not provide clinical diagnosis of cardiac conditions.
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1. INTRODUCTION

The heart plays a vital role as a vital organ that pumps blood throughout the body to ensure the supply of
nutrients and oxygen to every tissue. To maintain metabolic stability, physical capacity, and quality of life, the
heart must always be in optimal condition. Even the slightest abnormality in the heart’s electrical activity can
disrupt its rhythm and pumping capacity; if left untreated, this can lead to life-threatening medical conditions.
Therefore, heart health monitoring is a vital tool in both the prevention and treatment of various health
conditions [1].

The risk of developing heart problems tends to increase with age, a condition that is exacerbated by
external risk factors such as stress levels, unhealthy lifestyle habits, and a lack of physical activity. In modern
society, cardiovascular disorders such as heart failure, atrial fibrillation, and arrhythmia remain among the
leading causes of poor health and death [2]. This phenomenon demonstrates that early detection through
monitoring of the heart’s electrical signals is crucial for preventing more severe complications. To monitor the
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function of this organ in detail, monitoring devices are needed that can continuously and accurately record data
on the heart’s electrical activity one such method is the electrocardiogram (ECG) [3].

An ECG is the most commonly used diagnostic tool for assessing the heart’s function and clinical condition.
Data regarding heart rate, rnythm, and signs of heart abnormalities can be quickly identified through ECG
signal recording [4]. Thanks to the introduction of the latest technological innovations, the use of ECGs is no
longer limited to clinical settings or conventional healthcare facilities, but has evolved into portable and
wearable devices. Wearable ECG has become a practical alternative to conventional ECG systems because it
enables portable cardiac monitoring during daily activities [5]. This shift has been driven by advances in the
miniaturization of electronic components and sensors, which make it easier for individuals to record heart
signals on their own without having to rely on large, heavy conventional instruments [6]. This wearable ECG
device offers a practical solution because it is lightweight, ergonomic, and capable of continuously monitoring
heart condition while the user goes about their daily activities [7]. Wearable ECG technology also supports
non-invasive long-term monitoring, making it suitable for continuous heart health assessment [8].

In the design of modern wearable devices, the ESP8266 microcontroller is often chosen as the primary
processing unit due to its reliable performance and built-in Wi-Fi module support for wireless data
transmission. In the design of modern wearable devices, the ESP8266 microcontroller is selected as the primary
processing unit due to its built-in Wi-Fi capability, which enables wireless transmission of acquired ECG data.
In this system, the ESP8266 receives ECG signals from the AD8232 sensor and transmits the acquired data via
a local Wi-Fi network to a Raspberry Pi-based local server for real-time monitoring and data storage [9].

Unlike cloud-based mechanisms that require global internet connectivity, this study uses a local server
operating on a local Wi-Fi network to improve efficiency, strengthen data protection, and reduce reliance on
external internet providers. Edge-based healthcare architecture can reduce dependence on cloud infrastructure
by processing health data closer to the data source [10].

In this architecture, the Raspberry Pi is serves as a local server that bridges data communication within a
single Wi-Fi network in conjunction with the ESP8266. This Raspberry Pi microcomputer is responsible for
running server services, processing the database, and managing the Application Programming Interface (API)
to receive, archive, and display real-time ECG data visualizations [11].

Previous research has demonstrated that Raspberry Pi can be effectively used as an embedded platform for
ECG monitoring, including real-time acquisition and processing of ECG signals [12].

Using a local server provides multi-layered protection, ranging from significantly shorter data transfer
times (latency) to enhanced data privacy, as medical data is not exposed to the public internet. Fog or local
computing approaches are useful in healthcare monitoring because they can support faster notification and
local data handling [13]. Additionally, the system continues to function optimally even if the global internet
connection is interrupted. Through the synergy between the ESP8266 as the data acquisition unit and the
Raspberry Pi as the server, a reliable, cost-effective, and efficient heart health monitoring system can be
realized.

The main contribution of this study is the integration of an AD8232-based ECG sensor, an ESP8266
microcontroller, and a Raspberry Pi local server into a wearable monitoring system that supports real-time
ECG acquisition, local data transmission, and centralized storage without transmitting health data through the
public internet. This architecture provides a self-contained approach for wearable ECG monitoring within a
local network environment.

Based on this approach, the Raspberry Pi is utilized as the local server in the development of the
wearable heart health monitoring system. The proposed architecture focuses on enabling real-time ECG
monitoring and structured local data storage while maintaining independence from public internet connectivity.
The system was subsequently evaluated in terms of ECG measurement accuracy, heart-rate classification, and
data transmission performance to assess its functional performance.

2. RESEARCH METHOD

This study employed a modified Research and Development (R&D) method to design, develop, and
evaluate a wearable Electrocardiogram (ECG) monitoring system. The R&D method was adapted to the scope
of this study, which focused on the development and evaluation of a functional prototype rather than mass
production and large-scale dissemination. The research consisted of several stages: preliminary study and
literature review, system requirements analysis, system design, system development, module testing, integrated
system testing, performance evaluation, and data analysis. The research workflow is presented in Figure 1.
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Figure 1. Flowchart

The preliminary study and literature review were conducted to understand ECG signal acquisition, the
use of the ESP8266 for wireless communication, and the implementation of a Raspberry Pi as a local server
[2] literature review also considered previous studies related to wearable ECG monitoring systems [14].
ESP8266-based communication, and Raspberry Pi-based data storage [15]. The results of the literature review
were used as the basis for designing the system’s hardware, software, and database.

The system design included the development of the system architecture, ECG sensor interface, data
transmission interface, and database on the Raspberry Pi [6] The ESP8266 was configured to transmit ECG
data in real time over a local Wi-Fi network using the HTTP protocol. The Raspberry Pi received the
transmitted data through an API and stored it in the database [15].

Testing was conducted in two phases: module testing and integrated system testing. Module testing was
performed to verify that the AD8232 ECG sensor could acquire ECG signals and that the ESP8266 could
process and transmit data via Wi-Fi. On the server side, the Raspberry Pi was tested to ensure that it could
consistently receive and store ECG data.

integrated system testing was conducted to assess the overall performance of the system based on ECG
signal quality, wi-fi connection stability, data transmission latency, and data storage reliability on the raspberry
pi [16]. a local wi-fi network was chosen because it supports real-time data transmission with low latency
without relying on an external internet connection. in addition, a local server based on a raspberry pi simplifies
data management and control over the storage system [17].

a) System Requirements Analysis

The first stage was system requirements analysis. At this stage, the hardware and software requirements
of the proposed system were identified. The hardware requirements included the AD8232 ECG sensor,
ESP8266 microcontroller, OLED display, LED indicators, and Raspberry Pi. The software requirements
included the microcontroller program, Wi-Fi communication, HT TP-based data transmission, server-side API,
and database. The system requirements were determined based on the intended functions of real-time ECG
monitoring, BPM classification, wireless data transmission, and centralized data storage.
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b)  System Design

The system design stage was carried out to develop the overall architecture and operational structure of
the proposed wearable ECG monitoring system based on the requirements identified in the previous stage. The
design focused on integrating the ECG acquisition unit, data processing unit, local wireless communication,
user interface, and centralized data storage into a single system. The interaction among these components was
designed to support real-time ECG data acquisition, BPM calculation and classification, local monitoring,
wireless data transmission, and centralized storage on the Raspberry Pi server.
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Figure 2. System Flow Diagram

The system architecture was designed to define the interaction between the ECG sensor, ESP8266, OLED
display, local Wi-Fi network, and Raspberry Pi server. The AD8232 sensor was used to acquire ECG signals,
while the ESP8266 processed the acquired data and transmitted the ECG value, BPM, and monitoring status
through the local Wi-Fi network. The OLED display was used to present the ECG value and BPM locally. The
Raspberry Pi functioned as the local server responsible for receiving and storing the transmitted data in the
database.

Figure 3. Wiring design

The hardware wiring design of the proposed wearable ECG monitoring system is illustrated in Figure X.
The system integrates the AD8232 ECG sensor, ESP8266 microcontroller, OLED display, three LED
indicators, power supply circuit, rechargeable 18650 Li-ion battery, and an on/off switch. The AD8232
acquires the heart's electrical activity through the electrodes and provides the ECG signal to the ESP8266 for
processing and BPM calculation.

The ESP8266 functions as the main processing unit and controls the OLED display and LED
indicators. The OLED displays the ECG value and BPM information, while the three LEDs provide visual
indications corresponding to the predefined normal, bradycardia, and tachycardia conditions. The ESP8266
also transmits the processed monitoring data to the Raspberry Pi through the local Wi-Fi network.

The wearable device is powered by a rechargeable 18650 Li-ion battery through the power supply circuit.
An on/off switch is placed in the main power path to control the operation of the entire device. When the switch
is turned on, the power is distributed to the system components, while turning the switch off disconnects the
power and deactivates the device. The overall wiring is arranged to support compactness, portability, and
independent operation of the wearable prototype.
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c) System Development

The third stage was system development. The hardware and software designs were implemented into a
functional prototype. The ESP8266 was programmed to acquire ECG data from the AD8232 sensor, calculate
BPM, classify the BPM into bradycardia, normal, and tachycardia conditions, control the corresponding LED
indicators, display monitoring information on the OLED, and transmit the data to the Raspberry Pi. On the
server side, the Raspberry Pi was configured with an API to receive the transmitted data and store the data in
the database.

The developed hardware was then assembled into a compact enclosure to implement the proposed system
as a wearable device. The arrangement of the electronic components, battery, display, and electrode
connections was considered to support portable operation. The physical design and wearability characteristics
of the prototype are described in the following subsection.

d) Physical Design and Wearability of the Device

The physical design of the proposed system was developed to implement the ECG monitoring system as
a wearable device. The prototype consists of an AD8232 ECG sensor, ESP8266 microcontroller, OLED
display, LED indicators, battery, and protective enclosure. The electronic components were arranged inside the
enclosure to provide a compact and portable configuration suitable for body-attached monitoring. The
ESP8266 and AD8232 were positioned inside the enclosure, while the OLED display was placed in a visible
position to allow the user to observe the monitoring information during operation.

The ECG electrodes were connected to the AD8232 module through electrode cables and attached to the
user's skin according to the selected single-lead ECG configuration. Three electrodes were used, consisting of
the right arm (RA), left arm (LA), and right leg (RL) electrodes. The RA electrode, identified by the red cable,
was placed on the right side of the chest, while the LA electrode, identified by the yellow cable, was placed on
the left side of the chest. The RL electrode was placed on the lower right side of the abdomen and served as
the reference electrode. This electrode configuration was maintained consistently throughout the experiment
to support stable ECG signal acquisition and ensure comparable measurements between testing sessions. The
electrode placement used during the experiment is presented in Figure 4.

Ll e
Figure 4. Electrode Position

The wearable prototype was equipped with a protective enclosure to protect the electronic components
and facilitate portable use. The physical dimensions of the prototype were 12,5cm x 8,5cmx, with a total weight
of approximately 143g. The system was powered by a Lithium 18650 with a capacity of 1200mAh. The battery
supplied power to the ESP8266, AD8232 sensor, OLED display, and LED indicators during operation. The
operating duration of the device was evaluated under continuous ECG monitoring and wireless data
transmission.

The physical design also considered user comfort and ease of use. The enclosure was designed to minimize
the size and weight of the device, while the electrode cables were arranged to reduce interference during use.
The prototype was intended to support short-duration ECG monitoring while allowing the user to carry the
sensing and processing unit without requiring a direct connection to an external power source or computer.
The physical implementation of the wearable prototype is shown in Figure 5.
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FigUre 5. Design Wearable

e) Module Testing

The stage was module testing. Each major component of the system was tested individually before the
components were integrated. The AD8232 module was tested to verify ECG signal acquisition, while the
ESP8266 was tested to verify data processing, BPM calculation, LED control, OLED display, and Wi-Fi
communication. The Raspberry Pi server was also tested to verify its ability to receive data through the API
and store the received data in the database. The purpose of module testing was to identify and correct functional
problems before integrated system testing.
f) Integrated System Testing

The fifth stage was integrated system testing. At this stage, all hardware and software components were
connected and operated as a complete system. The testing evaluated the complete data flow, starting from ECG
signal acquisition by the AD8232 sensor, processing and BPM classification by the ESP8266, display of
monitoring information on the OLED, transmission through the local Wi-Fi network, reception by the
Raspberry Pi API, and storage in the database.

2.1 Electrocardiogram

An electrocardiogram or ECG is a graph of the heart's electrical activity obtained through electrodes on
the skin's surface [18] An ECG signal typically consists of the P wave, the QRS complex, and the T wave,
which are used to analyze the heart’s function, including the detection of arrhythmias and other heart conditions
[15].

In wearable systems, ECG sensors are used to collect data in real time and non-invasively, making them
suitable for long-term monitoring [4]. However, ECG signals can be affected by disturbances such as motion
artifacts caused by body movement and powerline interference from electrical networks. Therefore, signal
amplification and filtering are necessary to ensure that the data obtained is more stable [6].

2.2 ESP8266

The ESP8266 is a microcontroller with built-in Wi-Fi connectivity, making it suitable for use in local area
networks [7]. In this study, the ESP8266 serves as a unit for reading and transmitting ECG data from the sensor
to a local server. The ECG data obtained from the sensor is processed in a simple manner by the ESP8266 and
then transmitted to the Raspberry Pi via a local Wi-Fi network. The use of the ESP8266 facilitates the creation
of portable devices due to its small size and relatively low power consumption [9]. The initial processing may
include reading sensor data, setting transmission intervals, and applying simple filters before the data is
transmitted [11]

2.3 Raspberry Pi

The Raspberry Pi is used as a local server to receive, process, and store ECG data [17]. This device can
run Linux-based operating systems as well as database applications such as MySQL or SQL.ite, allowing data
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to be stored in a structured manner [19]. Raspberry Pi also has the potential to support local ECG analysis,
including lightweight classification models for future system development [20].

Using a Raspberry Pi as a local server offers the advantages of flexibility, relatively low cost, and ease of
data management and storage. This system supports a local network-based health monitoring concept, in which
wearable devices collect data, and the Raspberry Pi serves as the central hub for data management and storage
before the data is displayed or analyzed further.

2.4 Integration System Wearable

The integration of ECG sensors, the ESP8266, and the Raspberry Pi is a key component in the development
of wearable ECG monitoring systems [21]. The development of wearable ECG systems generally requires
proper integration between the sensing unit, processing unit, and data management system [13]. The ECG
sensor reads the heart’s electrical activity, the ESP8266 transmits the data wirelessly, and the Raspberry Pi
stores the data centrally.

In addition to technical considerations, the design of the wearable must also prioritize user comfort. The
comfort and usability of wearable ECG devices are important factors because the device may be used
repeatedly or for extended monitoring periods [22]. The device must be designed to be ergonomic, lightweight,
and comfortable to wear so that it can support long-term monitoring [23]. Thus, the developed system can serve
as an alternative solution for heart health monitoring based on a local server using a local network.

2.5 Formula Packet Loss Rate (PLR)

In this study, the Packet Loss Rate (PLR) was calculated to determine the rate of data packet loss during
transmission from the microcontroller to the local server. The PLR value was obtained by comparing the
amount of lost data to the total data sent, then multiplying the result by 100%. The lower the PLR value, the
better the data transmission quality in the local network-based ECG monitoring system [24].

Packet loss is an important parameter in ECG data transmission because lost packets may affect the
reliability of real-time monitoring [25].

2.6 Accuracy Formula

In addition to data transmission testing, error values were calculated to determine the degree of agreement
between the prototype system’s readings and those of the standard device. Absolute error values were used to
calculate the difference between the heart rate (HR) values obtained from the prototype and those from the
standard device. Furthermore, the relative error percentage was used to determine the magnitude of the reading
error as a percentage. These error calculation results were used as a basis for assessing the system’s accuracy
in reading BPM values.

3. RESULTS AND DISCUSSION

In this study, we successfully developed a wearable device system for monitoring heart health based on
the ESP8266 with a Raspberry Pi serving as the server. The system consists of four main components, namely:

a) Wearable device (sensors and data acquisition)

b) Cardiac health monitoring

c) Local Wi-Fi-based data transmission system

d) Centralized server and data storage system

The system was evaluated using data collected from six participants, as presented in Table 1. For each
participant, ECG measurements were conducted repeatedly according to the predefined testing procedure.
Table 2 presents selected observation results from these repeated measurements; therefore, the same participant
characteristics, such as age and gender, may appear multiple times. These repeated observations do not
represent additional participants but indicate repeated measurements performed on the same participant. The
repeated measurements were conducted to assess the consistency and accuracy of the developed system.

3.1 ECG Sensor Accuracy Testing

The purpose of this test is to determine the accuracy of the AD8232 ECG sensor in measuring heart rate
(BPM) compared to a reference device.
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Table 1. Data Accuracy Sensor

No Gender Age ECG Oximeter Error Accuracy

1 Male 23 72 74 2,70%  97,30%

2 Female 48 71 74 4,05%  95,95%

3 Male 57 88 90 2,22% 97,78%

4 Female 87 90 91 1,09% 9891%

5 Male 33 84 87 3,44%  96,56%

6 Male 14 74 74 0% 100%
Average on 2,25% 97,75%

Based on the test results from six participants aged 14-87 years, the heart rate measurements obtained
from the developed ECG device were compared with those from a pulse oximeter as the reference device. The
percentage error was calculated using the pulse oximeter reading as the denominator, according to the following
equation:

E 9% = HRreferences — HRsensor 100% 1
rrorso= HRreferences x ° @

The measurement accuracy was subsequently calculated as:
Accuracy% = 100% — Error (%) 2)

The highest error was observed in the 48-year-old female participant at 4.05%, whereas the lowest error
was 0.00% in the 14-year-old male participant. Based on the values presented in Table 1, the average error was
2.25%, corresponding to an average accuracy of 97.75%. These results indicate that the developed ECG device
demonstrated good agreement with the pulse oximeter in measuring heart rate under the tested conditions.

3.2 Heart Health Monitoring

Heart health monitoring based on beats per minute (BPM) is used to evaluate the heart's performance in
real time. The BPM value indicates the number of heart beats per minute, which can be obtained via ECG or
PPG sensors. Generally, an adult’s heart rate is classified into three categories: normal (60—100 BPM),
bradycardia (less than 60 BPM), and tachycardia (more than 100 BPM). The designed system does not utilize
loT technology connected to the internet but instead uses a local network for data transmission and monitoring.
With this approach, data from wearable devices is sent directly to a local Raspberry Pi-based server via a local
Wi-Fi connection, making it more secure, stable, and independent of cloud services. This test is conducted to

assess heart health based on the BPM values generated by the system
Table 2. Heart Health Test Results

NO Gender Age BPM Status LED

1 Male 23 102 Tachycardia Red

2 Female 48 74 Normal Green
3 Male 57 85 Normal Green
4 Female 86 58 Bradycardia  Yellow
5 Male 34 79 Normal Green
6 Male 14 79 Normal Green

Based on the test results, a BPM classification analysis was conducted on six participants with
different ages and genders. Each participant underwent ten repeated measurements, and the BPM values
presented in Table 2 represent the average values obtained from the ten measurements. The resulting BPM
values were classified into three predefined categories: Normal, Tachycardia, and Bradycardia. The system
also provided a visual LED indicator corresponding to each classification category.

The results showed that four participants were classified as Normal, with average BPM values ranging
from 74 to 85 BPM. The system activated the green LED indicator for these participants. The normal results
were obtained from a 48-year-old female with an average BPM of 74 BPM, a 57-year-old male with 85 BPM,
a 34-year-old male with 79 BPM, and a 14-year-old male with 79 BPM.

One participant was classified as Tachycardia. The 23-year-old male participant recorded an average
BPM of 102 BPM, resulting in the activation of the red LED indicator. The measurement was performed after
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the participant had engaged in strenuous physical activity, which may have contributed to the elevated heart
rate. Meanwhile, the 86-year-old female participant recorded an average BPM of 58 BPM and was classified
as Bradycardia based on the predefined classification criteria. The system consequently activated the yellow
LED indicator.

Overall, the results demonstrate that the developed system was able to acquire BPM values from six
participants, calculate the average BPM from ten repeated measurements, and classify the resulting values
according to the predefined heart rate categories. The corresponding green, red, and yellow LED indicators
were activated consistently with the classification results. These findings demonstrate that the BPM
classification and visual indication functions of the developed system operated according to the specified
criteria.

3.3 Data Transmission Testing

This test was conducted to evaluate the data transmission performance of the developed system based on
Packet Loss Rate (PLR) and latency parameters. The test was performed by varying the data transmission
interval to determine its effect on the number of transmitted and lost packets. The Packet Loss Rate (PLR) was
calculated based on the total number of packets transmitted and the number of packets lost during each test
condition. The following equations were used:

a) Packet Loss Rate

prr = oSS o0 3
"~ Ntotal X 0 ()

Table 3. Packet Loss

Times Data Sent  Data Received  Loss Device

250ms 7,344 7,298 0,62% Esp8266
500ms 3,463 3,463 0% Esp8266
750ms 2,229 2,229 0% Esp8266
1000ms 1,897 1,873 1,2% Esp8266
250ms 7,776 7,689 1,1% Esp32C3Supermini
500ms 3,673 3,656 0,4% Esp32C3Supermini
750ms 2,457 2,407 2% Esp32C3Supermini
1000ms 1,967 1,957 0,5% Esp32C3Supermini

The ESP32-C3 Super Mini was included as a comparison device to provide a reference for evaluating the
packet transmission performance of the ESP8266. Based on the test results, the ESP32-C3 Super Mini produced
packet loss rates of 1.1%, 0.4%, 2.0%, and 0.5% at transmission intervals of 250 ms, 500 ms, 750 ms, and 1000
ms, respectively. Meanwhile, the ESP8266 recorded packet loss rates of 0.62%, 0%, 0%, and 1.2% at the same
intervals. Although both devices demonstrated relatively low packet loss, the ESP8266 showed more consistent
performance at the 500 ms and 750 ms intervals. Therefore, the ESP32-C3 Super Mini results serve primarily
as a comparative reference, while the ESP8266 was retained as the main microcontroller in the proposed
system.
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3.4 Local Server Testing
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Figure 6. Local server Web View

Based on the results of data storage testing on the Raspberry Pi server, the system successfully received and
stored sensor readings in real time into a MySQL database via phpMyAdmin. The stored data includes the
transmission time, ECG values, BPM values, and heart rate status. Each data entry has a unique timestamp,
indicating that the logging process is sequential and automatic.

Test results show that the Raspberry Pi, acting as a local server, functions effectively as a data storage hub.
The received BPM values were also successfully classified into heart health categories, such as Normal and
Tachycardia. This demonstrates that the data transmission process from the microcontroller to the server is
functioning properly, and that the database is capable of storing ECG monitoring data in a structured and
consistent manner.
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Figure 7. ECG Value Graph

Figure 7 presents the ECG values recorded by the developed monitoring system during the testing
process. The recorded values show a fluctuating pattern throughout the measurement sequence, with most
readings distributed approximately between 400 and 600. Several higher and lower values can also be observed
at different measurement points. The highest observed values are approximately 820-850, while some readings
decrease to approximately 150-200. These variations indicate changes in the electrical signal acquired by the
AD8232 sensor during the measurement process.

The fluctuation in the recorded values may be influenced by variations in the acquired ECG signal and
measurement conditions, including electrode contact, body movement, and electrical interference. Therefore,

A Raspberry Pi Local Server-Based Wearable Device System... Alamul Iman)



172 E-ISSN: 2621-5276

the graph is presented to describe the behavior and variation of the sensor output during data acquisition rather
than to determine clinical ECG characteristics. The results demonstrate that the developed system was able to
continuously acquire and record ECG-related signal values throughout the testing process.

4. CONCLUSION

This study successfully designed and implemented a prototype of a Raspberry Pi-based local network
wearable cardiac health monitoring system as a self-contained cardiovascular monitoring solution. The
developed system integrates an AD8232 ECG sensor, an ESP8266 microcontroller, and a Raspberry Pi as a
local server for ECG data acquisition, transmission, display, and storage without relying on a public internet
connection. Testing involving six participants demonstrated an average accuracy of 97.75% with an average
error of 2.25% compared with a pulse oximeter as the reference device. The system also successfully classified
heart rate conditions into three categories: normal, bradycardia, and tachycardia. In terms of data transmission,
the ESP8266 achieved 0% packet loss at transmission intervals of 500-750 ms, while the Raspberry Pi
successfully stored ECG, BPM, and timestamp data in a structured manner. Overall, the prototype
demonstrated the feasibility of local ECG data acquisition, transmission, monitoring, and structured storage
within a local network environment. However, clinical validity, long-term reliability, cost-effectiveness, and
the capability of the system for clinical cardiovascular screening were not evaluated in this study. Therefore,
the findings are limited to the functional performance demonstrated by the developed prototype. Further
research involving larger participant samples, clinical evaluation using validated reference devices, security
assessment, and long-term reliability testing is required to further validate the system.
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