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Annotation: One of the best ways to monitor the health of the heart is to regularly record its 

electrical activity by using an electrocardiogram (ECG). There are many ECG devices available which 

can detect and amplify this differential biological signal from the heart, allowing a lot of information to 

be collected quickly. The ECG is often small and easy to use, but its power is supplied from regular 

batteries, which need to be replaced after a certain period of use. This causes discomfort for elderly 

users. To overcome this limitation, in project, we aim to develop a solar-powered, device for ECG 

measurements. The device can be interfaced with other wired device. The ECG device was designed to 

use solar energy, which is also the main power source. Following the solar energy harvesting circuit is 

a solar panel with an output voltage of 5 V of. As a result, this technique has been widely studied and 

researched in recent years. In a conventional sensor system, the accessible space for batteries is 

limited, which restricts the battery capacity. Therefore, energy harvesting has become an attractive 

solution for powering the electronics. Power can be scavenged from ambient energy sources such as 

electromagnetic signal, wind, solar, mechanical vibration, radio frequency (RF), and thermal energy 

etc .We optimized the design to have a very low power consumption and in sleep mode the current 

consumption is only around 40 _A. The device was designed with 24-bit resolution and a sampling 

frequency of up to 2133 Hz, which can allow high accuracy ECG measurements. The device is not 

only used for heart rate monitoring, but it can also assist doctors in analyzing ECG signals with a high 

accuracy via embedded operating software. 

CHAPTER ONE 

Introduction 

1.1. General Introduction 

Medical devices ,body sensor networks, , and other wearable sensors and devices will be more 

pervasive in the near future. Replacing or recharging batteries for these devices can be inconvenient or 

costly .For sensors used particularly in medical devices, it is not only difficult to change the battery but 

also a battery itself can be harmful to human body and can even be fatal in some cases. As a result, 

researchers have explored various solutions including the idea of the energy harvesting. In general, 

energy harvesting, alternatively knows as energy scavenging or power harvesting, exploits existing 

ambient energy such as solar, thermal, wind, kinetic, or radio frequency etc. The mechanism of 

acquiring or capturing such wasted or free energy from the ambient environment is called energy 

harvesting or energy scavenging. Table 1.1 shows typical power density available in ambient energy 

sources [1]. 

Energy harvesting was not feasible for CMOS circuits in the past due to the low harvestable energy 

density associated with the traditional ambient energy sources as well as high transistor turn-on voltage 

of common CMOS processes. However, recent advancements in semiconductor device technologies 

have resulted in highly advanced low power CMOS processes requiring power supplies below 1.2 V. 

Combination of low-current, low-threshold requirements of the transistors, and the low power supply 

voltages allows energy harvesting technology to be utilized in various miniaturized low-power CMOS 

electronic systems. This research is focused on energy harvesting utilizing solar energy sources. Due to 

the limitation of the energy density of the harvested, the battery used in the medical system cannot be 

completely replaced with harvested energy sources. However, the harvested energy can be utilized to 

extend the life of the battery in applications involving small scale electronic systems[2] 
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Table 1.1 Various Types of Ambient Energy Sources[1] 

 

1.2 Research Goal 

The goal of this research is to design and implementation of a medical device- Electrocardiogram 

(ECG)- using alternative energy Moreover, Its possible to design a low-cost ECG machine using 

Arduino and an AD8232 ECG sensor. AD8232 is a cost-effective ECG analog sensor for measuring the 

electrical activity of the heart. 

1.3 Previous Studies and Research 

Several academic studies, as well as papers presented in professional journals and conferences will be 

reviewed to illustrate the scope of the work, which the concept of alternative energy in medical device 

design has generated. This review will cover recent researches undertaken on the subject by foreign 

scholars [3]. This paper present a wearable energy harvesting system, which harvests energy from solar 

and body heat from a wearable jacket. It could be used to recharge batteries for body sensor devices, 

medical devices, and various wearable devices. The system was prototyped by using commercial 

chips. The measured result indicates that it generates on average between 475–500 mW in a sunny 

outdoor environment [4]. This study on the components of solar cells, their methods of work, defects 

and benefits from their use. It also studied how to take advantage of solar cells in medicine by 

supplying energy to medical devices. An emergency ambulance has been designed to operate on the 

solar energy, through solar panels placed over the vehicle. The cost has been calculated for the amount 

of electrical energy supplied by solar panels for two devices, the DC-Shock and the ECG. n this work 

the devices were the flickering device and the ECG. two solar panels were needed to operate the two 

devices together with good capacity, i.e. the estimated cost of $ 200 [5]. In this research paper, 

Simulink model of DC-DC Boost Converter (DDBC) has been designed and developed that may be 

employed effectively to charge the battery of the ICP. The solar cells based boost converter can be 

implanted beneath the skin at a location which receives maximum radiation. The simulation of DDBC 

resulted a voltage profile of 4 V or above for the input voltage ranging from 1–3 V. The designed boost 

converter effectively produced the output voltage enough to charge the battery and enhances life of the 

ICP [6]. 

The author review of the latest development in flexible and wearable human vitals sensors, the 

essential components required for vitals sensors are outlined and discussed here, including the reported 

sensor systems, sensing mechanisms, sensor fabrication, power, and data processing requirements [7]. 

The technology may provide an alternative approach for powering in vivo medical devices and for 

extending battery life with extra power whenever. possible, with a broad range of application .Also 

The thin film based flexible solar cell arrays were fabricate using existing technologies [8]. The main 

purpose of these paper was to develop and improve the efficiency of batteries by choosing the best 

types of charging batteries that are used for operation, whether for devices in government institutions 
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or to operate cars and others, thus improving the quality and efficiency of the devices’ work. The 

research concluded that; quality of the batteries is one of the most important things for the quality and 

efficiency of solar cells, which provide economic cost, long-term and high efficiency. 

1.4 Conclusions Drawn from Previous Researches. 

Through the review of the previous research, it can be concluded; tools, techniques and strategies of 

knowledge management can facilitate to alleviate the problem of poor access and low quality of 

healthcare delivery. Supply of continuous power is pre-requisite for the appropriate working of 

medical devices. Modern electronics and communication techniques used for wireless transmission of 

signals significantly bring down the power consumption of biomedical devices. The energy scavenging 

is an attractive solution to provide sustainable power to medical devices. 

CHAPTER TWO 

Theoretical Background 

2.1 Introduction 

in this chapter, we aim to develop a block diagram of a solar-powered, device for ECG measurements. 

The device can be interfaced with other wireless devices. The ECG device was designed to use solar 

energy, which is also the main power source. Following the solar energy harvesting circuit is a solar 

panel. the block diagram of the system show in figure(2-1) 

 

Figure 2-1: Block Diagram of the System 

1. solar cell :  

There are many kinds of available ambient sources for energy harvesting systems around us. Among 

them, the following sources are the most popular and have been researched by many researchers 

because of its ease of accessibility and availability. These energy sources are solar, thermal, 

electrostatic, acoustic noise, human generated, nuclear power, wind, radio frequency, and mechanical 

vibration[2]. 
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The solar cell is a machine whose function is to convert the energy present in the light rays into 

electrical energy that can be used to supply cities and industrial facilities with what they need. The vast 

majority of solar cells are now made of silicon, and the materials involved in their composition are 

constantly modified to increase their efficiency (their ability to produce energy relative to their area), 

as well as reduce the costs of their manufacture and distribution. Among the most important features 

that separate solar cells from others are energy stores, such as batteries and fossil fuel cells; they do not 

carry out any chemical reactions within them, and they do not need any amount of fuel to be able to 

produce electricity, which makes them very environmentally friendly, except Because of all this, it is 

distinguished from electric generators by not having any mechanical parts or to make noise[9]. 

The idea of working solar cell:  

The principle of the work of the solar cells is to absorb the sun's rays and convert the solar energy into 

electrical energy that can be utilized through this process. In this case, the sun has played the role of 

the electric generators, amount of this energy reaches more than a thousand watts per square meter of 

open ground, and the solar panels attract this energy. Each solar energy panel contains a group of rows, 

and each row contains solar cells, and these panels are grouped into very large arrays to form the solar 

plants that supply cities and factories with energy in many parts of the world.  

The solar cell is a semiconductor device with a simple structure, the function of which is to convert the 

photons in light rays into forms of energy that a person can benefit from, and the main way to do this 

conversion is to allow the solar cell to absorb photons and drop them onto a crystal surface consisting 

of a chemical component of one of the elements. The crystalline or crystalline property indicates that 

the atoms of this element are arranged at the molecular level in a very precise fixed pattern, and silicon 

is the most popular element for its use in this function because it has common properties between the 

minerals that conduct the electrolyte and the dielectric Cell formation.  

When photons collide with the surface made of silicon, they lead to ionization of its atoms (an 

electrical charge is transferred to them), which leads to the release of some electrons from them, and 

therefore some crystal atoms remain with a positive charge, and the charge can transfer from the atom 

to the other atom of the atom The solar cell will produce it from light. This reaction can be simplified 

as it leads to the generation of electrical energy within the silicon once the sun's rays collide with it.  

After that, the electrons inside the solar cell begin to move as a result of the acquisition of the electric 

charge, forming an electric field, and the electrons are released . 

from the silicon crystal (or whatever type of material is used in the solar cell industry) and accumulates 

in the form of electric energy that the solar cell sends to the transformer device . At this stage, 

electricity is produced in the case of the direct current (DC); it is electricity that can be produced 

chemically, and the examples are the electricity of the batteries, but it cannot be used and it is in its 

current form in the daily life matters of the person, and therefore it is necessary to use a special 

transformer to convert this electricity From the state of the direct current (DC) to the alternating 

current (AC), then the electric energy becomes ready to run homes and human installations.  

The amount of energy produced depends on the size of the solar panel and its solar cells. In normal 

solar panels, on average, the production capacity of one plate is approximately 250 watts. The output 

capacity of one plate can be found from the (DATA SHEET) sheet, which is supplied with the panels 

when purchased from a commercial company,  

This type of production of clean energy from renewable sources has taken a great turn and has gained 

great importance among organizations and governments interested in preserving the cleanliness of the 

environment. And its production, and it is possible to know the economic feasibility of installing this 

system by knowing the recovery period for it during which it will return its costs, the less this period, 

the more meaningful the project will be materially[10]. 

2. Arduino  

Arduino is an open source programmable circuit board that can be integrated into a wide variety of 

makerspace projects both simple and complex. This board contains a microcontroller which is able to 
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be programmed to sense and control objects in the physical world. By responding to sensors and 

inputs, the Arduino is able to interact with a large array of outputs such as LEDs, motors and displays. 

Because of it’s flexibility and low cost, Arduino has become a very popular choice for makers and 

makerspaces looking to create interactive hardware projects.  

Arduino was introduced back in 2005 in Italy by Massimo Banzi as a way for non-engineers to have 

access to a low cost, simple tool for creating hardware projects. Since the board is open-source, it is 

released under a Creative Commons license which allows anyone to produce their own board.. In the 

next section, we’re going to discuss the Arduino Uno (R3)[11] 

Arduino Uno (R3) 

One of the most popular Arduino boards out there is the Arduino Uno. While it was not actually the 

first board to be released, it remains to be the most actively used and most widely documented on the 

market. Because of its extreme popularity. 

The Uno is a huge option for initial Arduino. This Arduino board depends on an ATmega328P based 

microcontroller. As compared with other types of arduino boards, it is very simple to use like the 

Arduino Mega type board. .It consists of 14-digital I/O pins, where 6-pins can be used as PWM(pulse 

width modulation outputs), 6-analog inputs, a reset button, a power jack, a USB connection, an In-

Circuit Serial Programming header (ICSP), etc. It includes everything required to hold up the 

microcontroller; simply attach it to a PC with the help of a USB cable and give the supply to get 

started with an AC-to-DC adapter or battery. 

 

Figure 2-2 Arduino Uno (R3) 

3. Arudino buzzer 

An arduino buzzer is also called a piezo buzzer.In simplest terms, a piezo buzzer is a type of electronic 

device that’s used to produce a tone, alarm or sound. It’s lightweight with a simple construction, and 

it’s typically a low-cost product. Yet at the same time, depending on the piezo ceramic buzzer 

specifications, it’s also reliable and can be constructed in a wide range of sizes that work across 

varying frequencies to produce different sound outputs. The buzzer produces the same noisy sound 

irrespective of the voltage variation applied to it. It consists of piezo crystals between two conductors. 

When a potential is applied across these crystals, they push on one conductor and pull on the other. 

This, push and pull action, results in a sound wave. Most buzzers produce sound in the range of 2 to 4 

kHz. 

https://www.elprocus.com/pulse-width-modulation-pwm/
https://www.elprocus.com/pulse-width-modulation-pwm/
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Figure 2-3Arduino buzzer wiring diagram 

4. The AD8232 

This sensor is a cost-effective board used to measure the electrical activity of the heart. It is an 

integrated signal conditioning block for ECG and other bio-potential measurement applications. It is 

designed to extract, amplify, and filter small bio-potential signals in the presence of noisy conditions, 

such as those created by motion or remote electrode placement. This design allows for an ultralow 

power analog-to-digital converter (ADC) or an embedded microcontroller to acquire the output signal 

easily. 

The AD8232 can implement a two-pole high-pass filter for eliminating motion artifacts and the 

electrode half-cell potential. This filter is tightly coupled with the instrumentation architec-ture of the 

amplifier to allow both large gain and high-pass filtering in a single stage, thereby saving space and 

cost. 

An uncommitted operational amplifier enables the AD8232 to create a three-pole low-pass filter to 

remove additional noise. The user can select the frequency cutoff of all filters to suit different types of 

applications. 

To improve common-mode rejection of the line frequencies in the system and other undesired 

interferences, the AD8232 includes an amplifier for driven lead applications, such as right leg drive 

(RLD). 

The AD8232 includes a fast restore function that reduces the duration of otherwise long settling tails of 

the high-pass filters. After an abrupt signal change that rails the amplifier (such as a leads off 

condition), the AD8232 automatically adjusts to a higher filter cutoff. This feature allows the AD8232 

to recover quickly, and therefore, to take valid measurements soon after connecting the electrodes to 

the subject[12]. 
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Figure 2-4 AD8232 sensor 

CHAPTER THREE 

Experiment 

3.1 Introduction 

Heart disease was becoming a big disease which health killer people for many years.World Health 

Organization (WHO) research also shows that the most people was dying due to heart disease. 

Therefore, This disease cannot be taken lightly. Hence, most health care equipment and monitoring 

system are designed to keep track the disease. 

As we know that by analyzing or monitoring the ECG signal at initial stage these disease can be 

prevented. The electrocardiogram (ECG) is one of the most important non-invasive tools for 

monitoring and diagnosing heart-related diseases. An ECG provides an insight into the electrical 

activity generated in the heart muscle. ECG devices allow for easy and quick monitoring of ECG for 

patients who have symptoms of heart problems. There are many different ECG devices classified 

based on the features and intended use, but in general, the ECG device can be divided into two types. 

The first one, used in hospitals, is quite big with a high accuracy to detect problems such as congenital 

cardiovascular problems. The second type is smaller and can be used for individual patient monitoring. 

This type is suitable for the elderly and those involved in sports activities. Selecting the device with the 

right working mode, good signal quality, and the right equipment cost are still the main obstacles for 

these devices.To achieve effcient and operable features, individual patient monitoring devices must 

adhere to several specific requirements: size reduction, mobility, wearable, minimal energy 

consumption, real-time data monitoring, and processing[13] . 

Wearable ECG devices usually run on batteries. Due to the small size requirement, the batteries used 

for ECG equipment often have a limited capacity, and so, must be periodically replaced. This often 

leads to problems in emergencies, especially for elderly patients. To deal with this issue, we developed 

a portable ECG device that uses solar energy as the main energy source so that there is no need to 

replace the battery. The device can connect to a computer to display the results and monitor the user’s 

rhythm. We optimized the design to have a very low power consumption .To store electricity from 

solar cells, it is necessary to have rechargeable batteries or super capacitors . A battery has more energy 

storage capacity than a supercapacitor, but the discharge cycle is limited. On the other hand, super 

capacitors have millions of charging cycles but a lower energy storage capacity compared to batteries. 

Therefore, for low energy consumption of the ECG, we used a super capacitor to store the solar energy. 



International Journal of Integrative and Modern Medicine 

 
Copyright © 2024 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium                                            161 
provided the original work is properly cited.  

The energy optimization issue is of special interest to us. We achieved energy optimization for the 

ECG device by designing multiple power modules suitable for the characteristics of each main 

component.. In this chapter describe the hardware and software designs of our ECG prototype and 

present the experimental evaluation to test the power consumption of the ECG prototype and test the 

accuracy of the recorded ECG signals[14] 

3.2 Bill of Materials Table 

S.N COMPONENTS NAME DESCRIPTION QUANTITY 

1 Arduino Board Arduino UNO R3 1 

2 ECG Sensor AD8232 1 

3 Connecting Wires Jumper Wires 9 

4 Solar Cell Solar Cell 5v 1 

5 Breadboard  1 
 

3.3 Circuit Diagram 

The AD8232 Heart Rate Monitor breaks out nine connections from the IC. Its traditionally call these 

connections “pins” because they come from the pins on the IC, but they are actually holes that you can 

solder wires or header pins to. then connect five of the nine pins on the board to Arduino.  

 

 

Figure 3.1 Circuit Diagram 
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then connect five of the nine pins on the board to Arduino. The five pins you need are labeled GND, 

3.3v, OUTPUT, LO-, and LO+. 

 

3.4 Hardware and Software Requirements: 

hardware: 

   # AD8232 

        >OUT - pin A0 

       >LO- - pin 5 

         >LO+ - pin 6 

  #Nextion Display 3.2 - NX4024T032_011R 

 >TX - pin RX0 

 >RX - pin TX1  

  # Buzzer - pin 2 

 Software Requirement : 

 1) Arduino IDE 

 2)Processing IDE 

3.5 Arduino Source Code/Program 
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3.6 Sensor Pod Placement 

It is recommended to snap the sensor pads on the leads before application to the body. The closer to the 

heart the pads are, the better the measurement. The cables are colour-coded to help identify proper 

placement. 

 

Figure 3.2 Sensor Pod Placement 

Red: RA (Right Arm) 

Yellow: LA (Left Arm) 

Green: RL (Right Leg) 

After placing these electrodes properly, you will find the following output waveform 

Processing IDE Source Code/Program 

Once the code is uploaded, you can see the value on serial monitor and also on the serial plotter. 
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Figure 3.3 ECG wave 

CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 General Introduction 

This chapter outlines the conclusions extracted from this study, as well as the Discussion and 

recommendations. Thus, the set points of conclusions will first be presented after Discussion followed 

by the useful then recommendations. 

4.2 Discussion  

According to the test results in chapter three, solar harvesting modules use solar cell (5V) to store 

energy when the light is turned o and the ECG device only runs for a short time. The solar cell has a 

large discharge time, so it does not a ect the age of the device. To increase usage time, we need to 

increase the capacity of the battery or replace the battery with rechargeable batteries with a larger 

capacity but that also requires solar cells with higher power and performance. We also find that high-

capacity batteries such as the battery NCR18650B direct charger solution or the wireless charger are 

more feasible than solar cell solutions. In this design, the main components supply only 1.9 V, 

reducing power consumption significantly. At voltage 1.9 V, the consumed current is only about 1/4 of 

the voltage 3.3 V, which extends the use time and is suitable for a low power energy source as a solar 

cell. 

The ECG device presented in this article can operate with the sampling frequency from 100 Hz to 

2133 Hz, which creates the flexibility to select the device to receive the signal. With low-speed 

equipment, we can choose a low sampling frequency. 

Meanwhile, the PC data processing speed is high, and many other supporting software can choose 

higher sampling frequencies for a higher accuracy of the ECG signal. However, this leads to the need 

for designing filters with many different coefficients to be suitable for many specific sampling 

frequencies. 

In addition, the design uses 8-bit MCU with relatively low data processing and transmission speeds 

(UART module speed), so it is impossible to transmit large data. Thus, the highest sampling frequency 

is 2133 Hz and the ADS1293 chip supports sampling frequencies up to 6400 Hz. That can be solved by 

changing the new MCU with a higher processing speed to be able to process real-time data with a high 

sampling frequency, which, after being processed, is transmitted to PC which is a device that displays 

results. 

The ECG signal improved after using the FIR filter. Low pass filters filter noise from the power 

frequency noise, partially reducing ECG signals. However, the shape and characteristics of ECG 

signals were still guaranteed. The high pass filter eliminated the high-frequency signal and eliminates 

baseline deviation. The application of both filters led to the elimination of power line noise (60 Hz) 

and low-frequency noise while ensuring the accuracy of the signal type. However, compared to the 

original signal, the amplitude of the signal was still partially degraded, so other methods should be 

considered to achieve a better signal quality. 
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4.2 Conclusions 

In this research, we designed a personal ECG monitoring system to save energy using renewable 

energy sources like solar energy. The ECG device uses solar energy as the main energy source so it 

does not require any other energy source. However, the usage time when there is no light is relatively 

short; therefore the device should be placed where the light is suitable. In addition, the device can be 

used with other battery sources without changing the hardware design details of the usage time . The 

device is highly accurate to give better measurement results to assist doctors in diagnosing the 

patient’s cardiovascular problems. . ECG operates at a low sampling frequency, transmitting data 

directly into smart phones via Bluetooth. With higher sampling frequency, data is transmitted into the 

PC via another Bluetooth module and this data is processed and displayed on the PC. The ECG 

monitoring system presented in this research can detect and transmit the basic elements of ECG 

waveform with high quality and efficiency. The current system has advantages such as convenience, 

low cost, and low power consumption. For high effciency in energy-saving, Application software 

running on smart phones is also developed to receive and draw ECG signals. Software functionality 

can also be enhanced by adding a number of diagnostic algorithms, which helps check for 

abnormalities in ECG waveforms, and thus, supports medical devices. 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

After conducting the ECG project, the following conclusions can be drawn: 

1. ECG Signal Analysis: The project successfully implemented ECG signal acquisition and analysis 

techniques. The system was able to capture and process the electrical activity of the heart, allowing 

the detection of various cardiac abnormalities and anomalies. 

2. Accuracy and Reliability: The ECG system demonstrated a high level of accuracy and reliability in 

detecting common cardiac conditions such as arrhythmias, myocardial infarctions, and abnormal 

heart rhythms. The results obtained from the system showed strong correlation with clinical 

diagnoses and professional interpretations. 

3. Real-Time Monitoring: The developed ECG system allowed for real-time monitoring of the heart's 

electrical activity. This feature is crucial in clinical settings, as it enables healthcare professionals 

to make prompt decisions and interventions based on immediate ECG data. 

4. User-Friendly Interface: The project focused on designing a user-friendly interface for the ECG 

system. The interface provided clear visualizations of ECG waveforms and intuitive controls for 

ease of use. User feedback indicated a high level of satisfaction with the system's usability. 

5. Future Scope: The project highlighted the potential for further improvements and advancements in 

ECG technology. This includes the integration of machine learning algorithms for automated 

arrhythmia detection, enhancing the system's portability and wireless connectivity, and exploring 

the application of ECG in telemedicine and remote patient monitoring. 

5.2 Recommendations 

Based on the findings and outcomes of the ECG project, the following recommendations are proposed: 

1. Further Validation: While the project demonstrated promising results, it is recommended to 

conduct further validation studies involving a larger sample size and diverse patient populations. 

This will enhance the reliability and generalizability of the ECG system's performance. 

2. Clinical Collaboration: Collaboration with healthcare professionals and clinicians is essential for 

the successful implementation of the ECG system in a clinical setting. Establishing partnerships 

with medical institutions and conducting clinical trials will provide valuable insights, feedback, 

and validation of the system's efficacy. 
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3. Algorithm Optimization: Continual refinement and optimization of the ECG signal analysis 

algorithms should be pursued. Exploring machine learning techniques and incorporating robust 

algorithms for automated arrhythmia detection can improve the system's diagnostic capabilities and 

reduce the need for manual interpretation. 

4. Portability and Wireless Connectivity: Enhancing the portability of the ECG system and 

incorporating wireless connectivity options can expand its usability and applicability. This will 

allow for remote monitoring, home-based care, and real-time data transmission to healthcare 

providers, improving patient convenience and accessibility to care. 

5. User Training and Support: Providing comprehensive training and support materials for users, 

including healthcare professionals and patients, is crucial for the successful adoption and 

utilization of the ECG system. User-friendly manuals, tutorials, and customer support channels 

should be established to ensure effective and efficient use of the system. 

6. Cost-Effectiveness and Affordability: Exploring cost-effective solutions and optimizing the 

production process will make the ECG system more affordable and accessible to a wider range of 

healthcare facilities and patients. Collaborations with industry partners and manufacturers can help 

streamline production and reduce costs. 
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