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Abstract: In modern healthcare, especially in intensive care units (ICUs), real-time monitoring of patient vitals 

is critical to ensure prompt medical intervention and improved outcomes. This project presents the development 

of a real-time ICU patient monitoring system using the ESP32 microcontroller integrated with advanced 

biomedical sensors. The system incorporates a DS18B20 digital sensor for precise body temperature 

measurement, analog sensors to monitor heart rate and respiratory activity, and an MPU6050 sensor to detect 

patient movement and potential fall events. These sensors collectively provide a comprehensive overview of a 

patient’s physiological state. The ESP32 serves as the central processing unit, collecting and wirelessly 

transmitting sensor data to a monitoring interface. Its built-in Wi-Fi and Bluetooth capabilities facilitate remote 

access and real-time alerts to healthcare providers, enabling immediate action in response to critical changes in 

patient conditions. The system is designed to be cost-effective, scalable, and suitable for deployment in both 

hospital ICUs and home-care settings. By leveraging real-time data acquisition and wireless communication, 

this solution enhances patient safety, reduces the burden on healthcare staff, and ensures timely medical 

responses. Furthermore, its modular architecture allows for easy integration of additional sensors, making it 

adaptable for diverse clinical needs. This work contributes toward the advancement of smart healthcare systems, 

supporting continuous monitoring, data-driven decision-making, and improved patient management in critical 

care environments. 
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1. INTRODUCTION 

Continuous and accurate monitoring of vital signs in critical care units is crucial for timely medical intervention 

and improved patient outcomes. Traditional monitoring systems are often bulky, costly, and lack flexibility, 

highlighting the need for more efficient alternatives. This project presents an advanced ICU monitoring system 

that integrates sensors for temperature, heart rate, respiration, and movement detection. Using the ESP32 

microcontroller, the system enables real-time data acquisition and wireless transmission, offering healthcare 

professionals reliable insights for optimal patient care. This paper presented a comprehensive review of PMS in 

healthcare systems. To this end, an in-depth study of recent trends and the current state-of-the-art research in PMS 

based on IoT technologies, which are essentially needed to achieve efficient healthcare services, was provided. 

In particular, this paper provided the effective architecture of PMS and the essential communication technologies 

that are required for developing a realistic PMS. Moreover, this paper emphasizes the importance and necessity 

of implementing IoT-based PMS in healthcare systems and discusses different types of current monitoring and 

tracking systems. The communication networks and protocols that are required to endure efficient healthcare 

systems were explored. Besides, the key fundamental benefit of PMS has been described. In addition, this report 

outlined a number of unresolved research issues and suggested fresh lines of inquiry for further investigation. 

This can benefit both academic and industrial sectors in remote healthcare applications. This paper is essential 

for understanding the PMS that can be used for enhancing medical services, health management, and response 

strategies during public health emergencies and routine care scenarios. This paper offered a comprehensive 

understanding of PMS, which is crucial for business and scholarly academics alike. A total of thirty-five papers 

have been selected for review. The summarization of the research findings has been noted in Table 1 above. Based 

on Fig 2, it can be said that most of the papers reviewed focus on measuring the heart rate followed by measuring 
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the body temperature. The table shows that the sensor used for measuring the heart rate mainly uses a piezoelectric 

sensor or MAX30100, a type of built-in pulse oximetry (for measuring blood oxygen) and a heart rate sensor. A 

typical sensor for body temperature, which is LM35, has been selected by most researchers due to its suitability 

and ease of setup. However, as this type of sensor is used for measuring body temperature, it needs to be attached 

to the skin compared to other sensing materials. The usual device will be equipped with a pressure sensor and a 

cuff to measure blood pressure. This type of measurement is more accurate compared to the available market 

smart watch. The same goes for ECG measurement. ECG measurement is also available in a variety of smart 

watches. However, in case of accuracy, the user needs to consult the doctor for further examination. 

The integration of IoT technologies in healthcare has significantly improved patient care by enabling continuous, 

remote monitoring and enhancing clinical decision-making. The use of CCTV cameras as part of a contactless 

patient care system in the ICU presents a promising solution for monitoring patient physiological parameters 

without direct interaction, reducing the risk of cross-contamination and enhancing both patient comfort and 

healthcare worker safety. By leveraging advanced image processing, machine learning algorithms, and IoT 

sensors, these systems can track a wide range of vital signs, such as heart rate, respiratory rate, body temperature, 

and even detect signs of distress. The data gathered from the CCTV cameras is processed and transmitted in real-

time to healthcare professionals, allowing for prompt intervention when necessary. This reduces the need for 

constant manual monitoring, thus enabling medical staff to focus on more critical aspects of care. 

The integration of Internet of Things (IoT) and Fog Computing in smart intensive care units (ICUs) represents a 

transformative approach to modern healthcare delivery. This combination leverages the strengths of both IoT’s 

real-time data collection capabilities and Fog Computing’s decentralized, edge-based processing power, enabling 

more efficient, responsive, and scalable healthcare services in high-stakes environments like ICUs. IoT devices, 

including sensors, wearables, and connected medical equipment, continuously monitor patients’ physiological 

parameters such as heart rate, blood pressure, oxygen saturation, and temperature. These devices generate vast 

amounts of real-time data, which is crucial for effective patient care but can overwhelm centralized cloud 

computing systems due to bandwidth and latency constraints, especially in time-sensitive situations. This is where 

Fog Computing comes in, providing localized processing closer to the data source, thus reducing latency and 

enabling faster decision-making. 

2. LITERATURE SURVEY 
Basheera M. Mahmmod and Marwah Abdulrazzaq Naser (2024) 

This paper provides a comprehensive review of IoT-based patient monitoring systems, discussing their benefits, 

challenges, and open research areas. It emphasizes the integration of IoT for real-time healthcare monitoring and 

outlines unresolved issues such as data privacy, standardization, and system scalability. 

Hazilah Mad Kaidi and Rudzidatul Akmam Dziyauddin (2024) 

This work focuses on wireless healthcare monitoring systems, reviewing the main components including sensors, 

communication modules, and data processing methods. It also addresses the role of wireless technologies in 

enhancing mobility, flexibility, and real-time data access in clinical and remote settings. 

Asadollah Shahbahrami and Hassan Shakeri (2021) 

The authors propose a remote patient monitoring system combining IoT and cloud computing. They detail how 

data collected from sensors can be classified and processed in the cloud, supporting timely medical decisions and 

reducing hospital loads. 

Haowen Wang and Jia Huang (2024) 

This paper explores contactless physiological monitoring in ICUs using IoT and CCTV cameras. It proposes a 

non-invasive method to track patient health, offering a new perspective on hospital surveillance systems 

repurposed for medical diagnostics. 

 Jina Lee and Vega Pradana Rachim (2024) 

They present a modular, hybrid wearable sensor system for continuous cardiopulmonary monitoring. This 

unobtrusive system is tailored for critical care settings, aiming to improve patient comfort and long-term 

monitoring accuracy. 

 

Felix EnWirth and Keti Vitanova (2023) 
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This research introduces a system for personalized risk estimation in ICU patients. It utilizes encoded bedside 

data to identify anomalies, supporting predictive alerts and early intervention for life-threatening events. 

Yuan-Hong Tsai and Huan-Hsin Tseng (2023) 

This study proposes SRECG, a signal super-resolution framework aimed at enhancing ECG signal quality in 

wearable devices. It improves arrhythmia classification performance, making portable cardiac monitors more 

effective and reliable. 

Quang Dich Nguyen and Shyh-Chour Huang (2023) 

A novel secure wireless transmission protocol is proposed for ECG signals, using chaotic systems and advanced 

control techniques. The approach ensures confidentiality and integrity of health data transmitted in remote 

monitoring environments. 

3. PROPOSED SYSTEM 

The methodology for the proposed ICU patient monitoring system involves the integration of multiple sensors 

with the ESP32 microcontroller for realtime data acquisition and transmission.  Initially, the DS18B20 

temperature sensor, analog heart rate and respiratory sensors, and MPU6050 motion sensor are interfaced with 

the ESP32 to continuously monitor critical patient parameters. The sensor data is processed locally on the 

microcontroller, where filtering and necessary calculations (such as heart rate and respiratory rate) are performed. 

The processed data is then transmitted wirelessly using Wi-Fi to a cloud platform or server, where it can be 

accessed and analyzed by health care professionals in real-time. Additionally, the system incorporates an alert 

mechanism that triggers notifications if any monitored parameter exceeds or falls below predefined thresholds. 

The system is tested for accuracy, reliability, and performance under different conditions to ensure that it meets 

the necessary healthcare standards for patient monitoring.onse delays and congestion issues. 

 

FIGURE 1. System Architecture Diagram. 

The development of a wireless network-based ICU patient monitoring system involves several steps, from the 

design of the system architecture to the implementation and integration of various technologies. The methodology 

can be broken down into distinct phases to ensure the system’s efficiency, accuracy, and reliability in monitoring 

patients in real-time within an ICU environment. The Temperature Sensor is a crucial component in patient 

monitoring systems, especially in healthcare environments like ICUs. It continuously tracks the body temperature 

of a patient, which is a vital sign in diagnosing and managing various medical conditions. A heartbeat sensor is a 

critical component in a healthcare monitoring system, especially in an ICU, to continuously track a patient’s heart 

rate and rhythm. This data is vital for detecting arrhythmias, tachycardia, bradycardia, and other cardiovascular 

issues. In many systems, this is achieved through electrocardiography (ECG), which captures the electrical signals 
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produced by the heart as it beats. A Respiratory Sensor plays a critical role in healthcare monitoring systems, 

especially in ICUs or emergency care settings, where continuous monitoring of a patient's respiratory rate and 

breathing patterns is essential. Respiratory sensors help detect abnormalities in breathing, such as dyspnea 

(shortness of breath), tachypnea (fast breathing), bradypnea (slow breathing), or even apnea (cessation of 

breathing), which can be early indicators of serious medical conditions like respiratory failure or heart failure. 

4. RESULTS AND DISCUSSION 

 The developed ICU patient monitoring system was tested in a simulated healthcare environment to 

evaluate its performance in real-time physiological monitoring. The sensors—DS18B20 (body temperature), 

analog heart rate and respiratory sensors, and MPU6050 (motion detection)—were interfaced with the ESP32 

microcontroller. Data was wirelessly transmitted to a central dashboard for live visualization and alert generation. 

1. Temperature Monitoring (DS18B20): 

The DS18B20 provided stable and accurate temperature readings with a precision of ±0.5°C. The system was 

able to detect abnormal temperature fluctuations and generate alerts when readings exceeded 38°C (fever 

threshold) or dropped below 36°C (hypothermia threshold), showing reliable real-time responsiveness. 

2. Heart Rate and Respiratory Sensors: 

The analog pulse sensor captured heartbeats accurately within a range of 60–120 bpm during normal and stress 

simulations. The respiratory sensor detected breathing patterns with reasonable fidelity and was able to identify 

abnormal respiratory rates (>25 breaths per minute or <10 bpm), triggering early warnings. 

3. Movement Detection (MPU6050): 

The MPU6050 accurately captured patient posture changes and tremors. Simulated fall events or extended 

immobility periods were successfully logged and triggered alerts to simulate caregiver notification. 

4. System Responsiveness: 

Data latency was recorded below 1 second using Wi-Fi transmission. The ESP32 demonstrated efficient 

multitasking for sensor data acquisition and transmission, without significant processing delays. 

 

Fig 2: Working Model 

5. CONCLUSION 
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 IoT-based ICU patient monitoring system provides an efficient and reliable solution for continuous 

monitoring of critical patients in Intensive Care Units (ICUs). By integrating an Analog Pulse Sensor, DS18B20 

temperature sensor, MPU6050 accelerometer and gyroscope,and a sound sensor, the system effectively tracks 

essential health parameters such as heart rate,body temperature, patient movement, and respiratory activity. The 

ESP32 microcontroller processes this data and transmits it to the ThingSpeak cloud platform, enabling real-time 

remote monitoring and historical data analysis.A key advantage of this system is its ability to provide automated 

alerts when anyparameter exceeds predefined safety thresholds. This ensures rapid intervention in case of medical 

emergencies, improving patient safety and reducing the workload on healthcare professionals.  The system’s 

wireless connectivity and cloud-based monitoring allow healthcare providers to access patient data from 

anywhere, ensuring continuous supervision without requiring a physical presence. In conclusion, this IoT-based 

monitoring system enhances patient care by enabling real-time, accurate, and remote tracking of vital signs. It is 

a cost-effective and scalable solution suitable for hospitals, home-based patient care, and telemedicine 

applications. By leveraging advanced IoT technology, the system facilitates early detection of critical conditions, 

improves response time, and contributes to the overall efficiency of healthcare services. 

REFERENCES 

1. Deepa, R., Karthick, R., Velusamy, J., & Senthilkumar, R. (2025). Performance analysis of multiple-input 

multiple-output orthogonal frequency division multiplexing system using arithmetic optimization 

algorithm. Computer Standards & Interfaces, 92, 103934. 

2. Senthilkumar Ramachandraarjunan, Venkatakrishnan Perumalsamy & Balaji Narayanan 2022, ‘IoT 

based artificial intelligence indoor air quality monitoring system using enabled RNN algorithm 

techniques’, in Journal of Intelligent & Fuzzy Systems, vol. 43, no. 3, pp. 2853-2868 

3. Senthilkumar, Dr.P.Venkatakrishnan, Dr.N.Balaji, Intelligent based novel embedded system based IoT 

Enabled air pollution monitoring system, ELSEVIER Microprocessors and Microsystems Vol.77, June 

2020 

4. B. M. Mahmmod and M. A. Naser, "Patient Monitoring System Based on Internet of Things: A Review 

and Related Challenges With Open Research Issues," IEEE Access, vol. 12, no. 10, 2024, doi: 

10.1109/ACCESS.2024.3455900. 

5. H. M. Kaidi and R. A. Dziyauddin, "A Comprehensive Review on Wireless Healthcare Monitoring 

System Components," IEEE Access, vol. 12, no. 11, Mar. 2024, doi: 10.1109/ACCESS.2024.3349547. 

6.  A. Shahbahrami and H. Shakeri, "Remote Patient Monitoring and Classifying Using the Internet of 

Things Platform Combined with Cloud Computing," Journal of Big Data, vol. 8, 2021, doi: 

10.1186/s40537-021-00507. 

7. H. Wang and J. Huang, "Contactless Patient Care Using Hospital IoT: CCTV-Camera-Based 

Physiological Monitoring in ICU," IEEE Access, vol. 11, no. 4, pp. 2327–4662, 2024. 

8. J. Lee and V. P. Rachim, "Modular-Hybrid Wearable Cardiopulmonary Monitoring Sensor for 

Unobstructive Critical Care: With a Demonstration in Practice," IEEE Sensors Journal, vol. 24, no. 6, 

Mar. 2024, doi: 10.1109/JSEN.2024.3359215. 

9.  F. EnWirth and K. Vitanova, "Risk Estimation for ICU Patients with Personalized Anomaly Encoded 

Bedside Patient Data," in Proc. IEEE EMBC, vol. 55, 2023, doi: 10.1109/EMBC40787.2023.10340317. 

10. Y.-H. Tsai and H.-H. Tseng, "SRECG: ECG Signal Super-Resolution Framework for Portable/Wearable 

Devices in Cardiac Arrhythmias Classification," IEEE Transactions on Consumer Electronics, vol. 69, 

no. 10, 2023, doi: 10.1109/TCE.2023.3237715. 

11. Q. D. Nguyen and S.-C. Huang, "Electrocardiogram Signal Secure Transmission via a Wireless 

Communication Protocol of Chaotic Systems Based on Adaptive Sliding Mode Control and Disturbance 

Observer," IEEE Access, vol. 11, no. 28, 2023, doi: 10.1109/ACCESS.2023.3343954. 

12.  N. A. Mudawi, "Integration of IoT and Fog Computing in Healthcare Based on the Smart Intensive 

Unit," IEEE Access, vol. 10, no. 10, 2022, doi: 10.1109/ACCESS.2022.3179704. 

13. I. D. M. B. Filho, "An IoT-Based Healthcare Platform for Patients in ICU Beds During the COVID-19 

Outbreak," IEEE Access, vol. 9, no. 18, 2021, doi: 10.1109/ACCESS.2021.3058448. 


