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The "IoT-Based ICU Patient Monitoring System" is a cutting-edge project designed torevolutionize patient care in Intensive 

Care Units (ICUs). Leveraging Internet of Things (IoT)technologies, the system integrates various sensors, communication 

modules, and data analyticsto enable continuous and real-time monitoring of critical health parameters. The project aims 

toimprovehealthcareefficiencybyprovidinghealthcareprofessionalswithtimelyalertsandcomprehensivepatient data for enhanced 

decisionmaking. 

The advancement of technology in sensors and communication devices to the Internet hasresulted in practical solutions in 

various networking sectors, public and private sector enterprises,and government organizations worldwide. In addition, the 

widespread use of Smart Devices and Mobile Technologies in the health care industry has enhanced their global reach and effect. 

Patient monitoring systems are classified into two basic categories: bedside patient monitoring systemsand distant patient 

monitoring systems. The specialists in healthcare systems are increasinglyprofiting from the advantages of such technology, 

resulting in a significant development withinthehealthcaredomain, both within and outsideofclinical settings. 

Similarly, untold numbers of regular operators benefit from the advancements in M-Health(MobileHealth) and E-Health, in 

which health care is delivered using information and communication technology (ICT) to develop and preserve their health. For 

patients suffering from chronic diseases, the researchers hope to introduce a survey based on ontology, which will be able to track 

their health overtime and provide standard work out recommendations.  

 

Keywords: NodeMCUESP8266, ECG Sensor. 

1. INTRODUCTION 

An IoT-based patient monitoring system utilizing 

ECG sensors represents a pioneering approach to 

healthcare, merging cutting-edge technology with 

personalized patient care. This innovative system 

leverages the Internet of Things (IoT) to enable seamless 

connectivity between wearable or implantable ECG 

sensors and a centralized monitoring platform. By 

continuously monitoring the electrical activity of the 

heart, ECG sensors capture invaluable real-time data, 

providing insights into the patient's cardiac health 

status. Through wireless transmission, this data is 

securely relayed to a cloud-based platform, where it 

undergoes sophisticated analysis and interpretation. 

Healthcare professionals gain immediate access to 
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comprehensive ECG readings and actionable insights, 

empowering them to make informed decisions and 

deliver timely interventions. Patients benefit from the 

convenience of remote monitoring, allowing them to 

maintain their daily routines while receiving continuous 

healthcare support. With its potential to revolutionize 

patient care delivery, this IoT-based system offers a 

promising paradigm shift towards proactive, 

personalized, and accessible healthcare management. 

In this project, we will learn how to make an IoT 

based ECG Monitoring System using AD8232ECG 

Sensor & NodeMCU ESP8266. We will monitor the 

ECG waveform/Graph generated from AD8232 Sensor 

online usinganIoT platformcalled Thingspeak. Heart 

diseases have been becoming a big issue for the last few 

decades and many peopledie because of certain health 

problems. Therefore, heart disease cannot be taken 

lightly. So, thereshould be technology that can monitor 

the heart rate and heart behavior of the patient 

regularly.By analyzing or monitoring the ECG signal at 

the initial stage the various heart disease can 

beprevented. 

This is there as on we are presenting you with this 

great IoT project.In this project,we will show you how 

you can interface AD8232 ECG Sensor with NodeMCU 

ESP8266 Board andmonitortheECG Waveform on 

Serial PlotterScreen.Similarly, you can send the ECG 

waveform over the IoT Cloud platform and monitor the 

signal online from any part of the world using the PC 

or simply using the Smartphone.There is no need for 

staying in the Hospital to monitor heart 

activity/behavior just because you can monitor it online 

from any where. Thus, it can be said advancement in 

Patient Health Monitoring System. 

 

2. LITERATURE REVIEW 

Intensive Care Unit (ICU) patient monitoring 

systems incorporating Electrocardiogram (ECG) 

modules have emerged as essential tools for continuous 

cardiac monitoring in critical care settings. These 

systems are designed to provide real-time monitoring 

of patients' cardiac activity, enabling healthcare 

providers to detect and respond to cardiac 

abnormalities promptly. The architecture of ICU 

patient monitoring systems typically integrates ECG 

modules alongside other sensors and data processing 

units. ECG modules capture electrical signals generated 

by the heart and transmit them to a central monitoring 

station for analysis. These modules are crucial for 

monitoring patients at risk of cardiac arrhythmias or 

other cardiac events, providing clinicians with vital 

information about the patient's cardiac status. 

Advancements in ECG technology have led to the 

development of compact, high-fidelity ECG modules 

capable of capturing detailed cardiac signals with high 

accuracy and reliability. These modules are often 

integrated into wearable or bedside monitoring 

devices, allowing for continuous monitoring of 

patients' cardiac activity without the need for intrusive 

procedures. Moreover, ECG modules are equipped 

with signal processing algorithms that filter noise and 

artifacts, ensuring the accuracy of cardiac signal 

interpretation. Additionally, machine learning 

algorithms may be employed to analyze ECG data and 

identify patterns indicative of cardiac abnormalities, 

providing early warning alerts to clinicians. 

However, the implementation of ECG-based ICU 

patient monitoring systems also presents challenges, 

including data management, interoperability, and 

cybersecurity concerns. The sheer volume of data 

generated by ECG modules requires efficient storage, 

transmission, and analysis infrastructure to ensure 

timely access to critical information. Interoperability 

with existing healthcare systems is crucial for seamless 

integration of ECG data into electronic health records 

(EHRs) and clinical decision support systems. 

Furthermore, robust cybersecurity measures, including 

encryption, authentication, and access control, are 

essential to protect patient data from unauthorized 

access and cyber threats. 

Clinical validation of ECG-based ICU patient 

monitoring systems is essential to assess their accuracy, 

reliability, and clinical utility. Clinical studies and trials 

are conducted to evaluate the performance of ECG 

modules in detecting cardiac abnormalities and 

guiding clinical decision- making. Moreover, user 

feedback and usability testing help identify areas for 

improvement in system design and functionality. 
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3. EXISTING SYSTEM 

The current ICU patient monitoring systems rely on 

manual data collection and periodic checkups, leading 

to potential delays in detecting critical conditions. 

Real-time monitoring is often limited, resulting in 

missed opportunities for timely interventions. 

Traditional ECG monitoring systems often require 

patients to remain stationary in clinical settings, such as 

hospitals or clinics, limiting their mobility and comfort. 

This can hinder the ability to continuously monitor 

patients in real-world settings or during daily activities. 

Older systems may rely on manual recording of ECG 

readings by healthcare professionals, which can be 

time-consuming and prone to human error. This 

manual process may also result in delays in data 

analysis and decision-making.  

Traditional ECG monitoring systems may lack the 

capability for real-time data transmission and analysis. 

This means that healthcare providers may not receive 

immediate alerts for critical events or changes in the 

patient's condition, potentially leading to delays in 

intervention. Patients may have limited access to their 

own ECG data or may not be actively involved in the 

monitoring process. This lack of accessibility and 

patient engagement may result in missed opportunities 

for early detection of abnormalities or proactive 

management of chronic conditions.  

Older systems often rely on physical storage 

mediums, such as paper-based ECG charts or 

standalone devices, for storing patient data. This can 

present challenges in terms of data organization, 

retrieval, and long-term preservation, as well as 

susceptibility to damage or loss. Traditional ECG 

monitoring systems may involve manual processes for 

data entry, analysis, and reporting, leading to 

inefficiencies in healthcare workflows and potential 

delays in patient care delivery.  

Older systems may lack interoperability with other 

healthcare technologies or electronic health record 

(EHR) systems, limiting the seamless exchange of 

patient data and integration into existing clinical 

workflows. Maintaining and calibrating older ECG 

monitoring equipment may require specialized 

expertise and resources. Failure to regularly maintain 

and calibrate these devices can result in decreased 

accuracy and reliability of ECG readings. 

Overall, while traditional ECG patient monitoring 

systems have been valuable in clinical settings, they 

may have limitations in terms of mobility, real-time 

monitoring, accessibility, workflow efficiency, and 

integration with modern healthcare technologies. 

4. PROPOSED SYSTEM 

The proposed "IoT-Based ICU Patient Monitoring 

System" addresses the limitations of traditional systems 

by introducing the following key features: 

Key Features 

4.1.1 Vital Sign Sensors: 

Continuous monitoring of vital signs including heart 

rate, blood pressure, respiratory rate, temperature, and 

oxygen saturation. 

Microcontroller Unit (MCU): 

Integration of an MCU to process sensor data, control 

communication modules, and manage overall system 

functionality. 

IoT Connectivity: 

Utilization of IoT communication modules for secure 

and real-time transmission of patient data to a central 

monitoring system. 

Alert System: 

Integration of an alert mechanism for triggering 

notifications on abnormal vital signs or critical 

conditions, facilitating prompt intervention. 

Data Analytics and Trend Analysis: 

Implementation of data analytics tools for analyzing 

historical and real-time patient data, identifying trends 

for improved diagnosis and treatment planning.  

4.2 Required componentsused forthis project: 

4.2.1 NodeMCUESP8266 

4.2.2 ECGSensor 
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1) 4.2.1 NodeMCUESP8266: 

 

The NodeMCU ESP8266 development board comes 

with the ESP-12E module containing the ESP8266 chip 

having TensilicaXtensa 32-bit LX106 RISC 

microprocessor. This microprocessor supports RTOS 

and operates at 80MHz to 160 MHz adjustable clock 

frequency. NodeMCU has 128 KB RAM and 4MB of 

Flash memory to store data and programs. Its high 

processing power with in-built Wi-Fi / Bluetooth and 

Deep Sleep Operating features make it ideal for IoT 

projects. 

 

    

Figure 1:NodeMCUESP8266 

 

NodeMCU is an open-source firmware for which 

open-source prototyping board designs are available. 

The name "NodeMCU" combines "node" and "MCU" 

(micro-controller unit). Strictly speaking, the term 

"NodeMCU" refers to the firmware rather than the 

associated development kits.Both the firmware and 

prototyping board designs are open source. 

B. 4.2.2 ECG SENSOR: 

This sensor is a cost-effective board used to measure 

the electrical activity of the heart. This electrical activity 

can be charted as an ECG or Electrocardiogram and 

output as an analog reading. 

 

 

Figure 2: ECG Sensor 

 

The AD8232 is an integrated signal conditioning 

block for ECG and other biopotential measurement 

applications. It is designed to extract, amplify, and filter 

small biopotential signals in the presence of noisy 

conditions, such as those created by motion or remote 

electrode placement. 

The AD8232 module breaks out nine connections 

from the IC that you can solder pins, wires, or other 

connectors to. SDN, LO+, LO-, OUTPUT, 3.3V, GND 

provide essential pins for operating this monitor with 

an Arduino or other development board. Also 

provided on this board are RA (Right Arm), LA (Left 

Arm), and RL (Right Leg) pins to attach and use your 

own custom sensors. Additionally, there is an LED 

indicator light that will pulsate to the rhythm of a 

heartbeat. 

 

4. PROPOSED METHOD OFDCNN-NFS FOR MTD 

This section introduces the approach of using a 

deep CNN-based neuro-fuzzy system for detecting 

moving targets. Figure 1 illustrates the process of 

detecting moving targets using the proposed 

DCNN-NFS. The detection of these targets relies on 

analyzing the signal transmitted within a specific range. 

The signal that bounces back from the target is treated as 

the received signal, which serves as input for the target 

detection process. This received signal undergoes 

processing through various steps including short time 

Fourier transform (STFT), matched filter (MF), and radar 

signatures-based deep recurrent neural networks 

(DRNN), and the proposed DCNN to generate an 

ambiguous function.Additionally, specific radar 

signatures such as PRI, PD, CF, AAE, EAE, and DE are 

extracted from the received signal. These extracted 

https://en.wikipedia.org/wiki/Prototyping
https://en.wikipedia.org/wiki/Node_(computer_science)
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/Development_kits
https://en.wikipedia.org/wiki/Open_source
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signatures are then used as input for the DCNN to 

accurately detect the location of the targets. Through the 

analysis of the generated AFs, both correlation values 

and maximum energy are computed to effectively 

pinpoint the targets' locations.Finally, the results 

indicating the target locations are fed into the NFS, 

which plays a crucial role in accurately detecting the 

moving targets. This comprehensive approach enhances 

the overall efficacy of moving target detection. 

 
Figure 3: Schematic diagram of the proposed 

DCNN-NFS for MTD. 

Matched Filter - The Matched Filter (MF) exploits the 

known characteristics of the transmitted radar pulse and 

the expected Doppler shift caused by moving targets to 

improve the signal-to-noise ratio and detect weak 

moving targets in the SAR data. The MF correlates the 

received radar returns with the time-reversed complex 

conjugate of the transmitted pulse. After the MF 

operation, the output contains enhanced signals from the 

moving targets, making them more distinguishable from 

clutter and noise. It is particularly effective for detecting 

slow-moving or weak targets in SAR data.Detection 

algorithms can then be applied to the filtered data to 

identify and localize the moving targets.The ratio of 

powers of signal to noise is given by  

(
𝑆𝑃

𝑁𝑃
)out = 

|𝑆0𝑡0|2

𝑛0
2 (𝑡)

.                       (10) 

Where, SP= Signal Power, NP = Output Noise Power, S 

(𝑡0) = Value of signal at t = t0 and 𝑛0
2 (𝑡) = mean square 

value of noise 

Applied Matched Filter to the received signal - Once 

STFT is obtained, matched filter is applied. The MF and 

Ambiguous Filter helps in detecting. Matched filter 

identifies the shifted signals makes the process more 

effective. AF is two – dimensional. The delay signal and 

Doppler frequency are related. It also gets the correlation 

between P and time distorted Doppler signal. Time 

response of filter is measured as it refers to the signal 

arriving with delay & shift. Application of AF to 

matched filter is given: 

S(,f) = 
1

|𝑆(0,0)|
∫ 𝑃(𝑡). 𝑃∗∞

−∞
(t + ).𝑒𝑗2𝜋𝑓𝑡dt                          

(11) 

S(0, 0) = ∫ |𝑃(𝑡)|
∞

−∞
2dt                               (12) 

Where S(0, 0) is related to normalizing in the received 

signal. Further identification of time shift by matched 

filter is done by  

∫ 𝑃(𝑠). 𝑃
∞

−∞
*(t + ).𝑒𝑗2𝜋𝑓𝑡dt                        

(13) 

Ambiguity Function - Ambiguity Function is a 

two-dimensional function that represents the correlation 

between the transmitted radar pulse and the received 

radar return as a function of time delay and Doppler 

frequency. It provides valuable insights into the Doppler 

shift induced by moving targets and the time-delayed 

echoes from stationary and moving scatterers. It helps to 

develop effective algorithms for MTD and compensation 

of motion-induced distortions in SAR imagery.When the 

radiation of signalling is done, sufficient time passes for 

return of echo prior to next radiation. When the time gap 

is less, echo may arrive after the next pulse in case of 

high range. Maximum unambiguous range can be 

expressed as  

Run = C Tp / 2                        (14) 

Here Tp gives the time of pulse repetition. 

 

4.1 Estimation of Correlation Using Maximum Energy 

Correlation Function - The correlation function is a 

technique used to measure the similarity between two 

signals, such as the transmitted radar pulse and the 

received radar return. In the context of moving target 

detection in SAR, the correlation function is used to 

compare the received radar signals at different time 

instants and identify the Doppler shift caused by moving 

targets. 

Maximum Energy Function -It measures the energy 

content of the received radar signals at different Doppler 

frequencies and identifies the frequency bin with the 

maximum energy. This frequency bin corresponds to the 

Doppler frequency shift caused by the moving target 
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Correlation estimation through maximum energy - 

Next step is the identification of correlation by both STFT 

& matched filter responses. The principle is based on 

maximum energy. For correlation, the expression is: 

A(,P) = 
1

|𝐴(0,0)|
∫ 𝑃(𝑡). 𝑃∗∞

−∞
(t + ).𝑒𝑗2𝜋𝑓(𝑡+𝜗)dt        (15) 

Where P*(t + ) gives shifting. Other than AF, correlation 

is applied to STFT as  

CorSTFT (,P) = 
1

|𝐶𝑜𝑟𝑆𝑇𝐹𝑇(0,0)|
∫ 𝑅𝜎

∞

−∞
[a](g)𝑅𝜎

∗ [a](g).𝑒𝑗2𝜋𝑓(𝑡+𝜗)dt     (16) 

Where CorSTFT(,P) gives maximum energy for finding 

the target. 

 

5. RESEARCH METHODOLOGY 

5.1 

CircuitDiagram:InterfacingAD8232ECGSensorwithNo

deMCU ESP8266 

Here is a circuit diagram for Interfacing AD8232 ECG 

Sensor with NodeMCU ESP8266.There are 6 pins in 

AD8232 Breakout Board (GND, 3.3v, OUTPUT, LO-, 

LO+, SDN.The 5 pins in AD8232 is connected to the 

NodeMCU.SDN is not connected. 

 

 

Figure 4: Circuit Diagram :Interfacing AD8232ECG 

Sensor with Node MCU ESP8266 

Connect the OUTPUT to analog A0 of Nodemcu. 

Connect the LO+ & LO- to D1 & D2 

ofNodeMCUrespectively.SupplytheAD8232kitwith 

3.3V VCC&Connect its GNDto GND. 

 

Figure 5: AD8232kitwith 3.3V VCC&Connect its GNDto 

GND 

5.2 ECGLeads/ElectrodePlacement : 

It is recommended to snap the sensor pads on the leads 

before application to the body. The closerto the heart 

the pads are, the better the measurement. The cables are 

color-coded to help identifyproperplacement. 

 

Figure 6: Connection of ECG Sensor to the Human Body 

5.3 Flowchart: 

 

 

Figure 7: Process of ICU Patient Monitoring System 

6. RESULTS & DISCUSSION 

The incorporation of an ECG module into the 

ICU Patient Monitoring System represents a 

significant advancement in critical care technology. 

By providing continuous, real-time monitoring of 

cardiac activity, the ECG module enhances the early 

detection of arrhythmias, improves the 

comprehensiveness of patient monitoring, and 

facilitates seamless data integration and analysis. 

This ultimately contributes to better patient 

outcomes and enhances the quality of care in the ICU 

setting. 

The ECG wave form can be seen below as a 

visualizations effecton Serial Monitor. 
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Figure 8: ECG Wave Form of a Human Heart Rate 

7. CONCLUSIONS 

The system developed patient monitoring based on 

Internet of things, is an alternative that can be used to 

help patients with chronic diseases. Likewise with this 

set of solutions the aim is to improve the quality of life 

of patients, not just monitoring them, but also to enable 

them directly to improve their eating habits and 

workout routines. 

The context model developed for the system proved 

to be efficient when making inferences related to the 

context, such as recommendations for taking measures 

through sensors, as well as recommendations and 

workout routines tips to improve the eating habits of 

patients. 

The IoT-based patient monitoring system utilizing ECG 

sensors presents a transformative approach to healthcare 

delivery, offering a huge benefit for both patients and 

healthcare providers. By seamlessly integrating wearable 

or implantable ECG sensors with advanced IoT 

technology, this system enables continuous, remote 

monitoring of cardiac activity, facilitating early detection 

of abnormalities and timely interventions. The real-time 

transmission of ECG data to a centralized cloud platform 

empowers healthcare professionals with instant access to 

comprehensive patient insights, enhancing diagnostic 

accuracy and treatment efficacy. Patients experience 

improved convenience and comfort with remote 

monitoring capabilities, enabling them to maintain their 

daily activities while receiving personalized healthcare 

support. Furthermore, the scalability, interoperability, 

and data security features inherent in this system ensure 

its viability and sustainability in diverse healthcare 

settings. As we continue to witness advancements in 

technology and healthcare, the IoT-based patient 

monitoring system stands as a beacon of innovation, 

ushering in a new era of proactive, patient-centered 

healthcare management. 
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